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Summary

Although this report deals with several natural resource themes
individually, it is important to note that the processes within these
themes are often linked, and any land management response needs to
consider the system as a whole, and how this integrated system may
respond to a given management action. In the absence of a systems
approach to management, an action to solve one problem may lead to
another.

This report card summarises our current knowledge of the status
and trend in the natural resource base in the agricultural areas of the
south-west of Western Australia (WA) and provides a discussion of the
implications for agricultural industries.
The condition of our natural resources is a complex interaction of
numerous processes. In simple terms however, the performance of the
land is driven by three primary factors: climate, land characteristics and
land management. The first two factors are largely out of the control of
land managers, and in a drying and variable climate, land management
practices need to be able to respond quickly to changing conditions.

The situation and outlook for our natural resources is mixed. Although
we have made progress in some areas, such as managing wind and
water erosion, the status and trend in many indicators of resource
condition is adverse. The overall status and trend in resource
condition across the entire agricultural area of the south-west of WA is
summarised in Table 1 and key messages are summarised in Table 2.

Table 1 Resource status and trend summary for the south-west of WA
Theme

Soil acidity
Water repellence

Nutrient status (P)

Summary

Condition and trend
Very poor

Poor

Fair

Good

Very
deficient

Deficient

Optimal

Excess

Very
good

Severe and widespread and a major risk to production
due to insufficient use of agricultural lime. In most areas,
condition of the soil profile is declining.
Widespread and often severe on sandy soils and can
be a major limitation to production under current land
management systems.

In most areas, more phosphorus (P) than is required to
optimise production is stored in many agricultural soils.
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Well in
excess

Confidence
In
In trend
condition

Table 1 Resource status and trend summary for the south-west of WA (cont.)
Hazard/risk and trend
Very High
Wind erosion

Water erosion
Soil compaction
Dryland salinity

High

Mod.

Low

Very low

In hazard

In trend

Despite several below average growing seasons, the
risk is largely managed through maintaining ground
cover. Vigilance is required however, because after an
exceptionally dry year, this issue may be significant.
The risk is largely managed through current land
management, although actual levels are mostly
unknown.
Widespread issue but exact severity and trend is
unknown.
Widespread risk with variable spatial and temporal
impact. Future extent threatens agricultural land, water
resource and biodiversity assets. Containing and
adapting to salinity is feasible, though recovery is viable
in only a few areas.

Themes with insufficient data for resource status and trend summary
Theme
Summary
Soil organic carbon Limited data. Possible risk to current levels of soil organic carbon associated with a drying and warming climate. Soil organic carbon levels are
highly variable and the trend is unknown.
Nutrient export (P) Data from several coastal catchments indicates significant input from agricultural activities; however, the off-site impact of nutrients applied to
agricultural lands is unknown.
Acidification of
Situation variable. Surface expression of acid groundwater is largely static due to a reduction in deep drainage. However, the off-site impact is
inland waterways significant. This theme has localised impacts, the condition is highly variable and the trend is unknown.
Legend

Confidence

Recent trends
How to interpret the graphics in this report:
The colour gradient indicates the range of condition, hazard or risk
The position of the box on the colour gradient indicates the
average value condition, hazard or risk
The symbol in the box indicates the trend

Improving

Unclear

Deteriorating

Variable

Stable
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Adequate high-quality evidence
and high level of consensus
Limited evidence or limited
consensus
Evidence and consensus too
low to make an assessment

Table 2 Summary of the key messages for the agricultural industries
Theme
Soil acidity

Livestock industry
Soil acidity is a major constraint
to pasture production, and
needs more investigation by this
industry.

Grains industry
Soil acidity is a major constraint
and there is significant
opportunity to increase lime use
to bring pH within target levels.

Irrigated agriculture industry
Managing soil acidity is usually a minor input cost and the issue is
generally well managed.

Wind erosion

The critical issue for the livestock and grains industries is
maintaining sufficient, stable soil cover throughout the year. This
may be difficult in a variable and generally drying climate.

Wind erosion is generally not an issue and cover levels are generally
maintained at satisfactory levels. Sandblasting of seedlings can be an
issue on the Swan Coastal Plain.

Water erosion

Water erosion hazard, during the growing season, has diminished
due to declining winter rains and more sustainable management
practices. Water erosion events are mainly caused by intense,
localised summer storms, and these are likely to increase with
changing climate. Maintaining sufficient soil cover to prevent water
erosion is not always possible in grazing systems.

Water erosion may be an issue where soil management practices fail to
keep run-off volumes and velocities at safe levels.

Soil organic carbon

Management that increases biomass production and conserves and
A warming and generally drying climate associated with lower
applies organic material should improve soil organic carbon levels and
organic matter inputs could limit future sequestration of organic
productivity.
carbon in soils used for livestock and grains production. Farming
systems that increase biomass production and minimise processes
such as wind and water erosion are required to maintain and improve
soil carbon levels.

Soil compaction

Soil compaction is likely to be a major, but unquantified, constraint for all the agricultural industries. Land management that limits, prevents or
treats soil compaction is likely to improve productivity. Further work is required to quantify the extent and severity of this constraint.

Water repellence

The average annual opportunity cost of lost agricultural production in the south-west of WA from water repellence is estimated at $251 million.
Water repellence also increases the risk of wind and water erosion, off-site nutrient transport and possibly soil acidification through increased
nitrate leaching. The extent and severity of water repellence appears to be increasing as cropping increases together with early sowing,
minimum tillage and reduced break of season rainfall. More baseline data is needed to carry out a quantitative assessment.
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Table 2 Summary of the key messages for the agricultural industries (cont.)
Theme
Dryland salinity

Livestock industry

Grains industry

Dryland salinity has expanded in most regions since 1998, especially
following episodic floods, such as occurred in 1999/2000, 2005
and 2006/07. In some areas, salinity continues to expand despite
lower than average rainfall since 1975 and particularly since 2000.
No evidence of a reduction in the area of salt-affected land has been
observed. Dryland salinity is a major cause of land degradation and
remains a threat to 2.8–4.5 million hectares of highly productive, lowlying or valley soils.

Irrigated agriculture industry
Dryland salinity, by definition, is not an issue of irrigated agriculture.
However, irrigated agriculture may cause rising saline watertables
leading to salinity. This needs to be an important consideration in any
irrigated enterprise.

Nutrient status (P)

On average, pasture soils and arable soils contained 1.3 times and 1.6 times respectively as much phosphorus (P) as is required for optimum
production. Regular monitoring of soil nutrients at a paddock scale will provide the information to optimise fertiliser application and profitable
yields, and minimise off-site impacts.

Nutrient export (P)

Agricultural industries are major contributors to off-site nutrient impacts in a number of coastal catchments. Similar off-site impacts are likely
to be significant in other areas also. Managing fertiliser use should be aimed at reducing off-site impact, and based on regular monitoring.

Acidification of
inland waterways

Surface waters in some inland areas of the south-west of WA are
becoming acidified. Off-site impacts may affect the livestock and
grains industries. The Policy framework for inland drainage (2012)
provides a pathway for improved practice to reduce off-site impacts
of inland drainage.
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Not an issue for this industry; however, groundwater abstraction for
irrigation and water supply can lead to acidity through acid sulfate soils
being dewatered.

Understanding soil and water processes is essential

The global demand for food and fibre brings many opportunities, but
also challenges for the agri-food sector. One of these challenges is
our need to achieve agricultural productivity growth while ensuring our
natural resources are healthy and resilient.

Many soil and water processes are linked, and efficient solutions to
problems must consider the system as a whole, rather than the issue
in isolation. An understanding of how the system operates, and how
the three primary factors – climate, land characteristics and land
management – interact is required when changes to land management
are considered to address individual issues.

Key principles to be considered in this challenge are:

Stewardship of natural resources is critical
Sustainability rests on the principle that we must meet the needs of the
present without compromising the ability of future generations to meet
their own needs. Sustainable natural resource use for agriculture means
maintaining (and where possible improving) the productive capability of
the land which underpins agriculture, while mitigating off-site impacts.

Economics drives sustainability
To ensure the sustainable use of our natural resources for agriculture
requires a viable rural economy.

Sustainability indicators are essential

Therefore, stewardship of natural resources – the maintenance or
enhancement of this vital resource base for the long term – is of prime
importance. Those who directly manage the land need to be provided
with the information, resources and support to carry out this critical role.

The benefit of sustainability indicators is that they can provide clear
benchmarks for land managers, catchment group and communities,
and policy and decision makers regarding the health of the natural
resources, and possible economic and social resources.

Climate-smart agriculture is essential

Innovation to support sustainable agriculture must
continue

Climate-smart agriculture is now being used to bring together actions
that achieve a more resilient and climate aware agri-food sector to meet
both trends in climate and extreme events.

Innovation has been, and will be, a key contributor to solving the
problems faced by the agri-food sector. For example, we already know
the great benefits realised by precision irrigation, minimum tillage, and
improved seed varieties. The challenge is to ensure that innovation
keeps flowing. That means getting the conditions right so that both
private and public research and development can provide the solutions
needed to achieve sustainable use of our natural resources.

As part of climate-smart agriculture, recent initiatives of the Department
of Agriculture and Food (DAFWA) have included installing a major
climate station network across the South-west Land Division, seasonal
forecasting of rainfall and soil moisture, building production and
business resilience towards long-term sustainability and improving
water use efficiency.

Achieving sustainable agriculture is the responsibility of all participants
in the system, including land managers, farm businesses, policymakers,
researchers, retailers, and consumers. Each group has its own part
to play and its own unique contribution to make to strengthen the
sustainability of our agriculture.

Relevant resource information is important
Understanding the current state and trend in natural resource condition
is important for optimising production as well as the long-term
productivity of both soil and water. DAFWA is developing a revised
natural resource use monitoring program to improve its ability to report
on condition and trend.
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Section 1. Introduction
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Agricultural regions

1. Introduction

Northern
Central
South-west
Southern

The primary purpose of this report card is to present the best available
information on the current condition (or risk to condition) and trend in
condition of the natural resources that support agriculture. In particular,
it:
•

provides a transparent process explaining how this condition, risk
and trend was determined

•

highlights any issues which impinge on the sustainable use of this
resource

•

discusses the implications of these findings on the agricultural
industries

•

provides recommended actions where appropriate.

0

100

200

300

Kilometres

Sustainable natural resource use for agriculture means maintaining (and
where possible improving) the productive capability of the land which
underpins agriculture, while mitigating off-site impacts.
The study area covers the agricultural areas of the south-west of WA,
other than native vegetation and reserves (Figure 1.1).
The environmental performance of our land is a complex interaction of
numerous processes. In simple terms, however, the performance of the
land is driven by three primary factors:
1

Climate – how much rain falls, and when. When do the strong
winds blow? What are the trends in climate change?

2

Land characteristics – the characteristics of our soils and
landscapes that make up our diverse environment.

3

Land management – what we grow or graze and how we manage
it. What land practices do we use in association with the different
land uses?

Figure 1.1

The study area covers the agricultural regions of the southwest of WA.

These three factors are illustrated in Figure 1.2. Together, these
factors will determine the current condition of the land and how
the land is performing. An understanding of the trends in land use/
land management and climate change will also provide evidence for
determining and monitoring trends in land condition.
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The climate and land characteristics factors are
mostly outside of the influence of land managers,
although land characteristics can be modified to
a limited degree by management options, such as
claying and delving. Land managers must therefore
work within the given climate and land conditions
and adopt land management practices that lead
to profitable and sustainable outcomes. Land
management will need to respond where one of the
other factors (e.g. climate) is changing.

land condition
and response

There are critical situations where the current land
management, even under current conditions, is
unsustainable and leading to an unacceptable
decline in land condition. Land management will
need to change in response to these conditions,
otherwise the land use will become unviable.
In discussing specific natural resource degradation
issues, the influences of these three factors are
considered and commentary is provided on what
management is appropriate to ensure a sustainable
and profitable agricultural future.

climate

land
characteristics

Climate
Climate is the primary factor that influences
the performance of the land. Soils will not wind
erode if the wind does not blow. Intense summer
thunderstorms that occur when the land is bare may
lead to catastrophic water erosion.
Climate is not a static factor; it is continually
changing, and has always done so, but we need
to understand the current climatic conditions and
how they are trending to predict current and future
condition of the natural resources.

land management

Figure 1.2

The three primary factors that influence the environmental performance of the
land.
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Analysis of climate data over recent decades has demonstrated six key
messages relevant to the sustainable and profitable management of our
agricultural land:
•

Mean temperatures are rising.

•

Annual rainfall is declining.

•

Autumn and winter rainfall is declining.

•

Spring and summer rainfall is increasing.

•

Predictions indicate that these trends will continue.

•

In the short term, year-to-year climate variability may be more
important than the longer term trends.

A brief analysis of each of these messages is presented below. The
time period used to analyse these trends is 1950 to the present, in line
with information and analysis presented in the Indian Ocean Climate
Initiative (ioci.org.au).

Key message 1: Mean temperatures are rising.
Like global temperatures, WA temperatures have increased since 1910.
The strongest trend has been observed since the 1950s, though in the
far north of WA there has been a slight cooling in average temperatures.
Across the state as a whole, mean annual temperatures have increased
since 1910 by about 0.8 °C. The current warming trend began in the
1950s and is illustrated in Figures 1.3 and 1.4.

0.60

0.00

-0.60

Figure 1.3

Figure 1.4

Trend in mean temperature, 1950–2012 (°C/10 years).
Source: Bureau of Meteorology.
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Annual mean temperature anomaly time series map for
south-western Australia (1910–2012), using a baseline annual
temperature (1961–1990) of 16.3 °C. 15-year running average
is shown by the black line. Source: Bureau of Meteorology.

Figure 1.5
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0

0

0

-50

-50

-50

Trend in annual total rainfall,
1950–2012 (mm/10 years).
Source: Bureau of Meteorology.

Figure 1.6

Trend in autumn total rainfall,
1950–2012 (mm/10 years).
Source: Bureau of Meteorology.

Figure 1.7

Trend in winter total rainfall, 1950–
2012 (mm/10 years).
Source: Bureau of Meteorology.

Key message 2: Annual rainfall is declining.
Annual rainfall is declining throughout most of the agricultural area,
with the decline most marked in the south-west corner of the state. In
contrast, small increases in annual rainfall are occurring in the eastern
wheatbelt and eastern south coast, largely due to increased summer
rainfall (Figure 1.5).

Key message 3: Autumn and winter rainfall is declining.
Autumn and winter rainfall is declining throughout most of the southwest of WA (Figures 1.6, 1.7 and 1.8). This trend is especially marked
in the winter when traditional grain crops are growing. The reducing
rainfall during these periods is impacting on crop establishment and
winter growth.
Figure 1.8
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Trends in winter rainfall in south-western Australia for the
period 1900–2012. The 15-year running average is shown by
the black line.

Figure 1.9

50

50

0

0

-50

-50

Figure 1.10 Trend in summer total rainfall, 1950–2012 (mm/10 years).
Source: Bureau of Meteorology.

Trend in spring total rainfall, 1950–2012 (mm/10 years).
Source: Bureau of Meteorology.

Key message 4: Spring and summer rainfall is increasing.
Spring and summer rainfall is increasing throughout most of the
agricultural area, with the exception of the south-west corner where
rainfall is declining, not just in spring and summer, but throughout the
entire year. These trends are illustrated in Figures 1.9 and 1.10.

Key message 5: Predictions indicate that these trends
will continue.
Projected changes in the climate
In the south-west of WA, rainfall has already decreased and is projected
to continue decreasing throughout this century. Future increases in
temperature and potential evaporation are also anticipated; however,
predicting impacts of global climate change at a regional and local level
is difficult (IOCI 2012).

Summer storms are becoming more frequent in the wheatbelt. An
approaching summer storm near Toolibin.
14

Table 1.1

The Indian Ocean Climate Initiative (IOCI) research program has been
studying the climate of WA’s south-west since 1998. Projections under
all scenarios and all models point to drier conditions across the southwest in the future.

by 2030

Summary of expected changes in the south-west of WA over
the next 20–50 years, relative to 1960–90 values
Rainfall will decrease by 2 to 20%
Summer temperatures will increase by 0.5 to 2.1 °C

The current global climate models all agree on the direction of change
in winter (June to August) across the south-west, with a mean reduction
in winter rainfall of about 20% predicted. Table 1.1 summarises the IOCI
predictions for rainfall and temperature in the south-west of WA (Bates
et al. 2008):

Winter temperatures will increase by 0.5 to 2.0 °C
by 2070

Rainfall will decrease by 5 to 60%
Summer temperatures will increase by 1.0 to 6.5 °C
Winter temperatures will increase by 1.0 to 5.5 °C

In addition to the broadscale projections in Table 1.1, IOCI scientists
have applied statistical techniques to downscale the climate projections
for 29 stations across the south-west of WA. The results from six of
these stations highlights the variability of projections, but also indicate
a drier future for the south-west of WA (Table 1.2).

Key message 6: In the short term, year-to-year climate
variability may be more important than
the longer term trends.

Table 1.2 Range, from downscaling five global climate models,
of present day (1962–1999) and projected annual mean rainfall (in
millimetres) for selected stations across south-west of WA. Projections
are given for mid-century (2047–2064) and end of century (2082–2099)
periods under low (B1), intermediate (A1B) and high (A2) emissions
scenarios. For present day and for each emissions scenario and period,
downscaling from each of the five global climate models produces a
different result. The range across these different results is one source of
uncertainty in the downscaled results, as shown by the range in each
cell (IOCI 2012).

The south-west of WA experiences significant seasonal variation in
rainfall. This variation is also not equally spread across the south-west
– one area may experience a very dry growing season and poor crop
growth, whereas another may experience a very good growing season.
Land managers need the best climate advice to help them protect and
sustain national ecological resources in the face of climate extremes.
Improved understanding of climate variability, and application of
appropriate management techniques, will be crucial to achieving
sustainable development.

Station

Present day

Mid-century B1
(low)

Mid-century A1B
(mid-range)

Mid-century
A2 (high)

End of century B1
(low)

End of century
A1B (mid-range)

End of century
A2 (high)

Dalwallinu
Perth Airport
Cape Leeuwin
Pemberton Forestry
Lake Grace
Wandering

390–410
770–800
990–1020
1160–1190
360–380
570–600

330–360
610–690
840–920
970–1060
300–330
460–510

270–360
510–720
760–950
850–1100
250–340
380–520

290–340
550–680
780–920
890–1050
270–320
410–500

290–350
560–730
800–960
910–1110
270–320
410–530

220–320
400–630
650–880
710–1000
200–290
300–460

230–310
420–610
660–860
720–970
210–280
310–440
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Figure 1.11 A typical pattern of climate variability and its impact on environmental degradation risk.
Source: Bureau of Meteorology.

Managing for climate variability

patterns. In response to the latter, landholders have gradually adapted
to seasonal conditions and responded with appropriate management.
Adaption options include:

Managing for climate variability has been a staple of agricultural
production for many years. Dry seasons, flooding, frost, severe wind
events and rain at harvest all have the potential to cause significant
losses on both a localised and broad scale. In some cases, continuation
of severe climatic events can contribute to the failure of farm
businesses.
With the possibility of changing rainfall patterns and greater frequency
of severe climatic events, it is more important than ever to examine
the opportunities to manage risk and develop a plan. The risk of
significant losses of land condition and profitability exists possibly
more in association with the extreme events than to changing rainfall
16

•

diversification of crops

•

extending the opportunities for both on- and off-farm income

•

greater use of off-farm labour to increase the speed of operations

•

opportunity cropping

•

managing for biodiversity to maintain ecological function

•

managing for soil health to increase the resistance of farming
systems and its capacity to recover from an imposed stress.

Land characteristics
The inherent nature of the land, especially soil type and
landform, is a key factor in determining present land condition
and trend. Some soils and landscapes are vulnerable to forms
of land degradation, or may already be in a state unsuitable for
agriculture. For example, under cropping, sandy soils with low
pH buffering capacity are likely to become acidic. Some soils
were too acid for agriculture prior to clearing. Sandy surfaced
soils in windy locations are prone to wind erosion. Soils with
saline subsoils have become too salty for agriculture through
rising saline watertables.

Ag Soils
Bare rock
Stony
Gravel
Coloured sand
Pale sand
Sandy earth
Calcareous sand
Calcareous loamy earth
Shallow sand
Shallow loam
Alkaline shallow duplex
Deep loamy duplex
Deep sandy duplex
Shallow sandy duplex
Clay and loamy duplex
Self-mulching clay
Saline wet
Semi-wet

Geraldton

Therefore, fundamental to interpreting current, or predicting
future condition of the soils and landscapes, is a requirement to
understand their inherent properties and spatial distribution, and
how they perform under different management regimes. In the
south-west of WA, land capability mapping has been developed
by van Gool et al. (2005) to provide guidance to the spatial
distribution of soils and land vulnerable to degradation.

Merredin
Perth

Key messages for land characteristics:
•

Land characteristics strongly influence the capability of the
land to support a particular land use.

•

To achieve sustainable natural resource use, land
managers need to recognise and understand the inherent
properties of the land.

•

Bunbury

Esperance

Land characteristics can, to a limited degree, be modified
by land management practices, such as claying and deep
ripping.

A map of soil types (Agricultural Soils – abbreviated to Ag Soils)
and their distribution in the south-west of WA is shown in Figure
1.12 and described in Table 1.3. Ag Soils are a simplification and
grouping of the WA Soil Groups (Schoknecht and Pathan 2013),
and are used to show the general distribution of soils types.

0
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Figure 1.12 Ag Soils of the south-west of WA. The lines represent Ag Soil Zones,
which are a broad spatial framework for reporting on the themes.
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Table 1.3

Ag Soils and land types of the south-west of WA

Ag Soil*

Description

Land type

Bare rock

Rock outcrop scattered throughout the south-west.

Stony

Shallow stony soils associated with rock outcrop throughout the south-west.

Rocky or stony
hilly lands

Gravel

Ironstone gravelly soils that are widespread on undulating to hilly land and plateaus throughout the south-west. Most
common in the jarrah and wandoo forests east of the Darling Scarp from Moora to the south coast.

Ironstone gravelly
lands

Calcareous sand

Calcareous coastal dunes and sandplains.

Pale sand

Grey and pale yellow deep sands on plains and rises near the west coast from Busselton to Geraldton. Also common on
south coastal plains near Albany and Esperance and scattered throughout the wheatbelt.

Plains and rises
with sandy soils

Sandy earth

Yellow, brown and occasionally red earthy sandplain which is very common in the north-eastern wheatbelt and scattered
elsewhere.

Coloured sand

Yellow, brown and red deep sands that are widespread on sandplains in the northern and eastern parts of the central wheatbelt.

Calcareous loamy
earth

Calcareous loamy soils which are common on lower slopes around salt lakes in the eastern wheatbelt and the Salmon Gums Plains and rises
area north of Esperance.
with loamy soils

Shallow sand

Shallow sands over rock, most common on undulating coastal limestone from Bunbury to Geraldton, and around granite
outcrops in the wheatbelt.

Shallow loam

Shallow loams, usually red and overlying red-brown hardpan, occurring in the far north-east of the wheatbelt.

Alkaline shallow
duplex

Soils with shallow sandy to loamy topsoils over alkaline and often calcareous clays – widespread on undulating land
throughout the eastern and south-eastern wheatbelt and the Salmon Gums area north of Esperance.

Deep loamy duplex Soils with deep loamy topsoils over non-alkaline clay loams to clays. Most common in the jarrah and wandoo forests east
and earth
of the Darling Scarp from Moora to the south coast and parts of the eastern wheatbelt.
Deep sandy duplex Soils with shallow sandy to loamy topsoils over non-alkaline clays – widespread on undulating land throughout the
wheatbelt and plains along the south coast.

Rises and hills
with shallow soils

Plains and rises
with duplex (sand
or loam over clay)
soils

Shallow sandy
duplex

Soils with shallow sandy topsoils over non-alkaline clays – widespread on undulating land throughout the wheatbelt and
plains along the south coast.

Clay and shallow
loamy duplex

Heavier soils, usually shallow loams over clays and often red or brown in the north and grey in the south, on sloping land
throughout all but higher areas of the south-west.

Self-mulching clay

Small areas of clays that have a self-mulching “crumby” surface in the northern wheatbelt.

Saline wet

Saline wet areas, typically valley floors with salt lakes throughout the south-west but most widespread in the wheatbelt.

Semi-wet

Non-saline wet areas, on the Swan and Scott river coastal plains and in valley floors in the higher rainfall parts of the south- Wet lands
west.

* Ag Soils are groups of WA Soil Groups
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Heavy (clayey)
lands

Soils tend to occur in different parts of the landscape. The land
type column in Table 1.3 indicates the predominant types of
land associated with Ag Soils, and these land types are shown
spatially in Figure 1.13.

Land management
The third key factor influencing the condition and trend in
condition of our lands is land management, which includes
land use and associated land management practices.

Land types
Rocky or stony hilly lands
Ironstone gravelly lands
Plains and rises with sandy soils
Plains and rises with loamy soils
Rises and hills with shallow soils
Plains and rises with duplex
(sand or loam over clay) soils
Heavy (clayey) lands
Wet lands

Geraldton

Decisions on land management are largely within the power
and responsibility of the land managers. It is therefore
essential that land managers have the required knowledge
and support to make the best land use and land management
decisions, and to be responsive to changes in the other
primary factors – climate and land characteristics.

Merredin
Perth

Key messages for land management
•

Land management is the key natural resource condition
and trend factor within the control of land managers.

•

Land managers need to understand and be responsive
to the other primary factors – climate and land
characteristics.

•

Positive natural resource condition and trend outcomes
can be achieved throughout the agricultural areas of of
south-west of WA by the adoption of appropriate land
use and land management practices.

Bunbury

Esperance
0
Albany

Land use
The broad classes of land use in the south-west of WA are
represented in Figure 1.14. This is a simplification into four
classes of the national land use map (ABARES 2010) which
uses standard Australian Land Use and Management (ALUM)
classification classes.
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Figure 1.13 Land types of the south-west of WA. The lines represent Ag Soil Zones,
which are a broad spatial framework for reporting on the themes.
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Land degradation issues are more likely to occur in land uses
which disturb the soil (e.g. cropping). The impact of land use
on the condition and trend of the land is discussed in each
section.

Land use
Conservation and natural environments
Production from relatively natural environments
Production from dryland agriculture and plantations
Production from irrigated agriculture and plantations
Intensive uses
Water

Land management practices
Land management practices play a crucial role in the
condition and trend of the natural resources.

Geraldton

For example, land management choices, such as heavy
grazing, can lead to decreased levels of ground cover (the
layer of plant matter and other biological crusts holding
the soil in place), contributing to the risk of wind erosion
and increased dust levels. The loss of these soil particles
contributes to the decline of soil resource condition by
reducing topsoil depth and removing lighter particles, that
may include most of the plant nutrients and soil organic

Merredin
Perth
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Esperance
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No-till uses low disturbance tyne or disc seeding systems.
(Photo: Western Australian No-till Farmers Association (WANTFA)

100

Kilometres

Figure 1.14 Broad land use categories in the south-west of WA (2005–06).
Source: ABARES (2010).
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Adoption of land management practices that protect and improve the
soil are increasing in WA. A series of factsheets recently produced by
DAFF (2013) through its Caring for our Country program, describes the
general land management practice trends in WA’s broadacre cropping,
grazing, horticulture and dairy industries. These factsheets, including
a factsheet on farm biodiversity management in WA’s agricultural
industries, are available from www.daff.gov.au.

carbon, as well as reducing air and water quality as lost soil particles
contaminate these systems. In contrast, management practices that
contribute to the retention of ground cover will lessen the risk of wind
erosion and water erosion removing soil particles. The result is a
maintenance or improvement in overall resource condition.
Aware of such risks, WA farmers have been early adopters of practices
which aim to protect the land. No-till cropping is a significant example.

Within each theme chapter, the influence of relevant land management
practices on condition and trend is discussed.

Adoption of the best management practices for any given land use can
maintain or improve soil condition. This can happen through practices
such as maintaining adequate ground cover to reduce soil loss through
wind and water erosion, adding lime to slow or reverse rates of soil
acidification and reduced tillage to mitigate soil organic carbon decline.

Cropping is a major land use in the agricultural regions of the south-west of WA. Wheat and canola near York.
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Reporting frameworks

Ag Soil Zones
1 Mid West
2 Mullewa to Morawa
3 West Midlands
4 Central Northern Wheatbelt
5 Swan to Scott Coastal Plains
6 Darling Range to South Coast
7 Zone of Rejuvenated drainage
8 Southern Wheatbelt
9 Stirlings to Ravensthorpe
10 South Coast - Albany to Esperance
11 Salmon Gums Mallee

Two broad spatial frameworks are used for
reporting on the individual natural resource
themes.
The first, Agricultural Soil Zones (abbreviated
to Ag Soil Zones), is based on repeating
patterns of soil and land types. Ag Soil
Zones are used for reporting on the following
themes:
•

Soil acidity

•

Wind erosion

•

Water erosion

•

Soil organic carbon

•

Soil compaction

•

Water repellence

•

Nutrient status (phosphorus)

The second, Hydrozones, is based on
grouping areas with similar hydrology.
Hydrozones are used for reporting on the
following themes:
•

Dryland salinity

•

Acidification of inland waterways

1
2

Geraldton

3
4
Perth

7

5
Bunbury

Merredin

8

6

10

More detail on the spatial reporting
frameworks, terminology and standards are
provided in Appendix A.
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Figure 1.15 Ag Soil Zones
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9

9

The Nutrient export (phosphorus) theme only
reports on selected coastal catchments.
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1

2

Hydrozones
1 Kalbarri Sandplain
2 Northampton Block
3 East Binnu Sandplain
4 Irwin Terrace
5 Arrowsmith
6 Dandaragan Plateau
7 Northern Zone of Ancient Drainage
8 Northern Zone of Rejuvenated
Drainage
9 Southern Cross
10 South-eastern Zone of Ancient
Drainage
11 South-western Zone of Ancient
Drainage
12 Southern Zone of Rejuvenated
Drainage
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Figure 1.16 Hydrozones
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13 Eastern Darling Range
14 Western Darling Range
15 Coastal Plain
16 Donnybrook-Leeuwin
17 Scott Coastal
18 Warren-Denmark
19 Albany Sandplain
20 Stirling Range
21 Pallinup
22 Jerramungup Plain
23 Ravensthorpe
24 Esperance Sandplain
25 Salmon Gums Mallee
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Section 2. Natural resource themes
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2.1 Soil acidity

Key messages
Condition and trend
Soil acidity in the south-west of WA is a major constraint to agricultural production.
Topsoil samples collected since 2005 were rated poor – the pH of more than 70% of surface soils (0–10 cm) was more acidic
than recommended.
Almost half of the samples collected from the subsurface layers (10–20 and 20–30 cm) had a pH which was rated poor –
more acidic than recommended.
The majority of agricultural soils are continuing to acidify because the annual use of agricultural lime is 40% of the estimated
amount required to treat existing acidity and on-going agricultural soil acidification.
Initial assessment of trends over the last decade indicate that the situation is, at best, static or getting worse, except for some
areas with ready access to lime sources or where extension efforts have been sustained.

Management implications
The opportunity cost of lost agricultural production in the south-west of WA from soil acidity is estimated at $498 million
annually. In addition, there are other off-site environmental costs.
If soil pH drops below critical levels, root growth is restricted and crop and pasture production is severely limited. In most
areas, the surface pH is below target and a significant proportion below critical. The situation is similar for the subsurface
10–20 and 20–30 cm, except in isolated areas with naturally alkaline subsoils.
Existing soil acidity and on-going soil acidification can be economically treated with agricultural lime.
The use of agricultural lime to manage soil acidity needs to increase and be maintained to ensure good condition and
productivity of the soil resource.
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Soil acidity

Good
Poor
Very poor
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Figure 2.1.1 Resource condition summary for soil acidity.
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Table 2.1.1 Resource status and trends summary for soil acidity
Ag Soil Zone

Summary

Condition and trend
Very
poor

1

Mid West

2

Mullewa to Morawa

3

West Midlands

4

Central Northern
Wheatbelt

The majority of soils are below target and stable over most of the
zone, with improvement in the north of the zone.

5

Swan to Scott
Coastal Plains

A large proportion of soils are below target. The trend shows
continuing deterioration.

6

Darling Range to
South Coast

With nearly 90% of surface soils below target, subsurface soils will
continue to acidify.

Poor

Fair

Good

Very
good

Confidence
In
In
condition
trend

About half of the zone is below target pH but there are indications that
soil pH is gradually improving.
The majority of soils are below target. With more than 70% of surface
soils below target, the subsurface soil will continue to acidify.
About half of the soils are below target, but the trend is relatively
stable, with a few areas improving.

7

Zone of Rejuvenated A large proportion of surface soils are below target. Although the
Drainage
trend for surface soils is stable, the subsurface will continue to acidify.
8 Southern Wheatbelt A large proportion of soils are below target, and the trend shows
continuing deterioration.
9 Stirlings to
The majority of surface soils are below target, but the trend is
Ravensthorpe
relatively stable, with a few areas improving.
10 South Coast –
With almost 90% of surface soils below target, subsurface soils will
Albany to Esperance continue to acidify.
11 Salmon Gums
The widespread occurrence of alkaline and calcareous soils results in
Mallee
relatively good conditions with a stable trend.
Condition grades

Confidence

Recent trends

Very Good

<30% of soil profiles below target pH

Good

30–55% of soil profiles below target pH

Improving

Unclear

Fair

45–55% of soil profiles below target pH

Deteriorating

Variable

Poor

55–70% of soil profiles below target pH

Stable

Very poor

70% of soil profiles below target pH
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Adequate high-quality evidence
and high level of consensus
Limited evidence or limited
consensus
Evidence and consensus too
low to make an assessment

Overview

Soil acidity is estimated to cost broadacre agriculture $498 million
per year in WA (Herbert 2009) or about nine per cent of the average
annual crop. It is one of the few soil constraints (particularly subsurface
constraints) that can be treated with appropriate management.

Soil acidification is a natural process that is accelerated by agriculture.
It is primarily caused through the leaching of nitrates from nitrogen
fertiliser or organic matter and removal of cations in products. The
effect of acidity, or low pH, in the surface 10 cm is different compared
to the subsurface 10–30 cm soil layers. The main effect of low pH in the
surface soil is on nitrogen fixation by legume-rhizobia symbiosis and
on the availability of nutrients. In the subsurface layers low pH causes
an increase in the solubility of aluminium, which is toxic to plant roots,
resulting in restricted root growth and poor access to moisture and
nutrients.

Assessment method
Geo-located soil samples were collected across the agricultural areas
of south-west of WA during 2005–12 by Precision SoilTech (Andrew et
al. 2007), a federal government funded Caring for our Country project in
conjunction with smaller datasets including resampling of Weaver and
Reed (1998) and Summers and Weaver (2006) sites. A total of 161 000
samples, including about 67 000 samples taken from the subsurface
(10–20 and 20–30 cm layers), were collected from over 93 000 sites and
used (anonymously) to
determine soil pH status
and trend.

Joel Andrew (Precision SoilTech) samples
soil in three distinct 10 cm increments to
30 cm for analysis of soil pH.

Soil profile at Tammin stained with universal indicator showing acidic
subsurface layer (stained orange), which prevents roots reaching deeper
soil layers with suitable pH (stained green).
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The pH of the samples
were determined in
calcium chloride solution
(pHCa) and this data was
used to create a map of
the proportion of samples
below the DAFWA targets
of pHCa 5.5 (0–10 cm
layer) and pHCa 4.8 (10–20
and 20–30 cm layers)
for each of 19 major soil
types. This information
was further apportioned
to 11 Ag Soil Zones and
mapped at a regional
scale.

Changes in soil pH were determined by comparing the proportion of
samples from the surface 10 cm below the target of pHCa 5.5 collected
during 2004–06 with those from 2010–12. The changes were recorded
on the map to show whether there had been an improvement (a
reduction in the number of samples below the target), no change or a
decline (an increase in the number of samples below the target) in the
condition of the soil resource.

0–10 cm layer below the target and 36% of samples from the 10–20
and 20–30 cm below the target.
This integration of farm-level data provides knowledge at the regional
scale and helps to identify regional differences. It also provides a more
detailed state-wide assessment and potentially allows comparison with
other regions and states.
This information does not help farm management; however, it raises
awareness and understanding of the issue and its significance.

Current status and trend

The differences between the proportion of sites with surface pH less
than target compared to the proportion of sites with surface pH less
than critical, gives a strong indication that the surface soil pH can be
increased to above target (pHCa 5.5) over significant areas with the
application of one to three tonnes per hectare of good quality lime. This
will cost from $50 to $150 per hectare. If soil surface pH can be raised
and maintained above the target this will ensure that management of
subsurface acidity will be achieved over time. Field trials have shown
that soil pH can be increased by applying lime.

Soil acidity, as indicated by the proportion of samples collected that
were below the recommended pH targets, is widespread and extreme
in many areas of the south-west of WA, particularly in sandy soils.
Of the samples collected since 2005, 72% from the 0–10 cm layer and
45% from the 10–20 and 20–30 cm layers were below the target pHCa
of 5.5 and 4.8, respectively. Although this data highlights the extent of
soils with less than optimal pH profiles, this broad scale summary does
not identify problem areas or soil types.

Farmer case studies demonstrate long-term changes on a paddock
scale following the application of lime to treat soil acidity. To date it
has not been possible to monitor changes in soil pH on a regional
scale other than by purpose designed and expensive small catchment
scale monitoring programs (e.g. Gabby Quoi Quoi, NLWRA 2007). With
access to the extensive data set reported here it has been possible to
calculate the change in proportions of surface samples with pH below
the targets between 2004–06 and 2010–12.

Mapping of farm scale information has generated a current situation
analysis for soil pH in the south-west of WA (Figure 2.1.2). The extent
and severity of acidity varies geographically and with soil type.
The Central Northern Wheatbelt Ag Soil Zone had a similar proportion
(72%) of 0–10 cm layer samples from the dominant sandy earths below
the pH target, but a greater proportion of samples from the 10–20
and 20–30 cm layers (66%) below the target, compared to average
wheatbelt soils.

The proportion of samples below the pH target for the top 10 cm of
soil, appears to have remained relatively static for extensive areas of
the south-west of WA (areas indicated by yellow – a change of plus or
minus 20%; Figure 2.1.3). This finding, together with the map showing
that the majority of the samples fall below the target, shows that there
has been no change to an already bad situation.

In contrast, gravel soils of the Darling Range and South Coast Ag Soil
Zones returned 89% of samples below the target for the 0–10 cm layer.
However, subsurface acidity was less common with 34% of samples for
the 10–20 and 20–30 cm layers below the target.
A similar pattern for the deep sandy duplex soils of the Southern
Wheatbelt Ag Soil Zone was observed with 84% of samples from the
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Figure 2.1.2 Percentage of sites sampled (2005–12) with soil pH at 0–10 cm depth below the DAFWA target of pHCa 5.5 (left) and critical pHCa 5.0
(right). Grey indicates native vegetation and reserves.
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Figure 2.1.2 (cont.) Percentage of sites sampled (2005–12) with soil pH at 10–20 cm depth below the DAFWA target of pHCa 4.8 (left) and critical
pHCa 4.5 (right). Grey indicates native vegetation and reserves.
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Figure 2.1.2 (cont.) Percentage of sites sampled (2005–12) with soil pH at 20–30 cm depth below the DAFWA target of pHCa 4.8 (left) and critical
pHCa 4.5 (right). Grey indicates native vegetation and reserves.
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Figure 2.1.3 Difference in per cent (%) of surface (0–10 cm) samples
below the recommended target of pHCa 5.5. Samples
collected in 2010–12 compared to 2004–06. Positive
numbers indicate improvement.

Figure 2.1.4 Confidence map showing average sample density,
expressed as area (ha) that each topsoil sample represents.

Similarly, although the area shaded green indicates an improvement –
a smaller proportion of samples were below the target pH in 2010–12
compared to 2004–06 – for the majority of the area shaded green,
50–75% of samples collected were still below target. Confidence in the
results, expressed by the average sample density, is shown in figure
2.1.4. In most agricultural areas of the south-west of WA confidence in
the results is considered to be high.

Discussion and implications
Soil acidification and acidic soils are issues that confront all forms of
agricultural production. Liming to maintain optimal soil pH is necessary
to ensure long-term quality of the soil resource. However, the extent to
which different sections of the industry deal with the problem varies.
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Lime delivery, Wongan Hills; spring liming of pasture, Bodallin; surface application of lime, south of Northam.

Intensive agriculture

Grain cropping systems

For intensive agriculture such as horticulture – vegetable and fruit
growing and vineyards – the cost of applying lime to manage the
acidifying effects of their practices is a relatively small component
of their overall input costs. That coupled with the relatively large
production losses associated with allowing the soil to acidify below
optimum means that growers manage soil acidity reasonably well.

The management of soil acidification is more problematic in broadacre
farming. Broadacre grain farming in WA is characterised by low inputs
and low yields by world standards grown typically on sandy soils. While
the rate of acidification is relatively slow, these soils have poor buffering
capacity and are susceptible to leaching losses of nitrogen. As a
result many have acidified, particularly in the subsurface layers, to the
extent where aluminium toxicity is impacting on water and nutrient use
efficiency through reduced root growth. Grain yield is reduced when
crops depend on access to subsurface moisture to fill grain at the end
of the growing season. Subsurface soil acidity prevents or restricts this
access.

Dairy systems
In the high rainfall regions, dairy farming is characterised by high
productivity, high fertiliser input (particularly nitrogen) and high product
removal and translocation leading to a more acidification. Dairy farming
is predominantly located in coastal regions south of Perth where the
majority of the limestone deposits are found. Dairy farmers need to be
aware of the implications of on-going acidification and ensure that they
have appropriate management plans to ensure that adequate lime is
applied. Proximity to limestone resources south of Perth limits haulage
costs but quality issues need to be considered. Lower neutralising
value will increase the amount of lime required to manage soil pH.

While lime use by grain growers has increased since the mid 1990s,
adoption is less than is required and most soils have continued to
acidify. Growers indicate overall cost and time to recoup costs from
liming are the major barriers to greater adoption (Fisher 2009) especially
as poor seasonal conditions and declining terms of trade have made it
difficult to increase spending.
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Livestock system

There is increasing recognition amongst growers that lime use needs to
increase and the trend in use is positive (Figure 2.1.5). However, while
agricultural lime sales increased to just over one million tonnes in 2012
(Lime WA Inc. pers. comm.), this amount is only 40% of the estimated
requirement of two and one-half million tonnes per year for the next 10
years needed to reach the recommended targets.

Broadacre livestock production has been characterised by the adoption
of pasture species more able to tolerate acidic soils. This has not
helped encourage the adoption of liming in mixed farming enterprises.
Adopting a farming system that uses tolerance to acidity alone
exacerbates the severity of the problem and hastens the point at which
this system no longer functions. Crop and pasture species and varietal
tolerance of the effects of soil acidity should be used together with
a liming program. Recent recognition of the impact of low soil pH on
the availability of nutrients (Scanlan et al. 2013) and on the functioning
of the legume-rhizobium symbiosis (Howieson and Ballard 2004) has
increased awareness of the need for agricultural lime to be applied in
our farming systems.

Recommendations
The data set used is unique in Australia. This investigation has only
been possible through the delivery of state and federally funded
projects by a collaborative team of government and private enterprise.
This process has been able to protect individual privacy and at the
same time generate significant understanding of the trends and
resource condition. This information enables lime use targets to be set
that could, if met, remove most of the yield constraint caused by soil
acidity.
To achieve these targets, the following questions need to be
considered:

Figure 2.1.5 Agricultural lime sales 2005–12 in the south-west of
Western Australia. Source: Lime sales figures from Lime
WA Inc and other contributing suppliers of agricultural lime
(estimated market share 85–90%).
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•

How can the value of information generated by private enterprises
be maximised to improve the management of soil acidity?

•

Are the supplies of agricultural lime adequately protected for use
in agriculture?

•

Which soils should be given priority management?

•

Can the physical and human infrastructure cope with a doubling
of lime use?

•

Using appropriate fertilisers or retention of stubble on paddocks can
reduce the rate of acidification, though not stop it. The application of
agricultural lime is the most effective way to reduce soil acidity and
improve water use efficiency.

Do alternatives to the current short window of opportunity for
liming prior to seeding need to be explored?

This assessment demonstrates that agriculture has acidified the soil
across large areas of the south-west of WA to a point where urgent
action is required. The adoption of best practice to treat existing and
on-going acidification will have significant economic and environmental
benefits.

Summary tables
These tables present a summary of the percentage of samples below
target for depths 0–10 cm, 10–20 cm and 20–30 cm for each of the 11
Ag Soil Zones. In addition, the results for the main three to four soils in
each zone are presented. A brief commentary is also provided about
these results within each Ag Soil Zone.

Productive agriculture will continue to acidify the soil. However,
acidification can be minimised by following the best practices of soil
sampling for both pH and nutrient status. This will help determine
appropriate fertiliser application rates in line with expected yields based
on season and subsurface pH. In addition, in-season plant tissue
testing enables growers to adjust fertiliser applications to maximise
efficient use of fertilisers.

Colour scheme for table

% of soil type below target
0–24
25–49
50–74
75–100

1 Mid West
% of samples below target pHCa

Soils

% of Zone

All soils

Target
Target pHCa 4.8
pHCa 5.5
0–10
cm

10–20
cm

20–30
cm

100

50

47

56

Coloured sands

43

49

48

68

Pale sands

11

53

59

68

Shallow loam

11

64

46

28

Clays and shallow
loamy duplexes

10

46

51

44

Main soils

Half of surface soils samples were below the target compared with an overall total of more than
70%. This could indicate that progress is being made in the treatment of soil acidity in this zone.
This assumption is further supported by the proportion of samples below target in the 10–20 cm
layer (about the same as overall) compared with the higher proportion of samples below target for
the 20–30 cm layer (almost 70%) for the pale sands and coloured sands respectively. This could
indicate that amelioration through surface application of lime has not yet had an impact at the
deeper depth, or more likely, that insufficient lime has been applied.
Shallow loams have a high proportion of surface samples below the target pH. This could mean that
these soils are less vulnerable than the sands to acidification. However, due to their productivity and
the absence of liming, the surface has acidified significantly.
The lower proportion of samples from the subsurface depths below the targets is a reflection of
the higher buffering capacity of the soil and hence its ability to resist a decrease in pH. A similar
situation exists in the clay and shallow loamy duplex soils although the trends are less clear at
depth. This may be a reflection of the variability in depth of the surface soil.
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2 Mullewa to Morawa
% of samples below target pHCa

Soils

% of Zone

Target
Target pHCa 4.8
pHCa 5.5
0–10
cm

10–20
cm

20–30
cm

100

73

67

64

Shallow loam

27

76

58

55

Coloured sands

19

69

76

80

Sandy earths

12

87

85

84

All soils
Main soils

In a zone dominated by low rainfall and cropping, subsurface acidity constrains yields and
productivity by restricting root access to moisture and nutrients deeper in the soil profile. Increased
testing and awareness of subsurface soil acidity is recommended.
Shallow loam, coloured sands and sandy earths dominate this zone. The shallow loam has a
high proportion of soil samples from the surface layer below the target and around 50 to 60% of
samples from the subsurface layer are also below target. In contrast, the coloured sands and sandy
earths, which also have a high proportion of surface samples below the target, have 76 to 85% of
the subsurface samples below the target.

3 West Midlands
% of samples below target pHCa

Soils

% of Zone

Target
Target pHCa 4.8
pHCa 5.5
0–10
cm

10–20
cm

20–30
cm

100

57

40

50

Pale sands

32

57

34

51

Coloured sands

26

52

46

62

Gravels

14

67

34

35

All soils
Main soils

This zone is characterised by mixed farming with a relatively recent increase in the proportion of
cropping. The proximity to high quality lime supplies means that lime costs are relatively lower than
for other zones.
From 50 to 60% of surface soils samples were below the target compared with more than 70%
throughout the entire agricultural area in the south-west of WA. This could indicate that progress is
being made in the treatment of soil acidity in this zone. This is further supported by the proportion
of samples below target in the 10–20 cm layer (also less than overall) compared with the higher
proportion of samples below target for the 20–30 cm layer (50–60%) in the pale and coloured
sands respectively. This could indicate that amelioration through surface application of lime has not
yet had an impact at the deeper depth. This is consistent with observed trends in lime use and the
quantities required to adequately treat existing and on-going acidity.
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4 Central Northern Wheatbelt
% of samples below target pHCa

Soils

% of Zone

All soils

Target
pHCa 5.5

Target pHCa 4.8

0–10
cm

10–20
cm

20–30
cm

100

65

50

51

Sandy earths

28

72

65

68

Clays and shallow
loamy duplexes

13

73

47

44

Deep loamy
duplexes and earths

11

60

45

46

Main soils

This zone is dominated by cropping. Agricultural productivity is being constrained through reduced
access to moisture and nutrients under these conditions.
Surface soil acidity is a concern because it indicates that the pH of much of the surface soil is below
that required to ensure that subsurface acidity is being addressed by lime movement from the
surface.
Seventy-two per cent of surface layer samples from the dominant sandy earths soil type had a pH
below the target. Compared to the other dominant soil types (clays and shallow loamy duplexes and
deep loamy duplexes and earths), a greater proportion of samples from the subsurface layers (65
and 68%) were below the target. A high proportion (>60%) of surface samples for the clays and
shallow loamy duplexes and deep loamy duplexes and earths were below the surface layer target
pH.

5 Swan Coastal Plain to Scott Coastal Plain
% of samples below target pHCa

Soils

% of Zone

All soils

Target
pHCa 5.5

Target pHCa 4.8

0–10
cm

10–20
cm

20–30
cm

100

82

66

77

Pale sands

21

81

39

67

Gravels

21

79

61

52

Semi wet soils

15

85

84

83

Coloured sands

12

68

60

60

Main soils

Soil acidification and resulting poorer root growth and nutrient use is likely to be more important
in coastal zones because of the implications for nutrient leaching and eutrophication of waterways.
Increased testing and awareness of subsurface soil acidity is recommended as well as consideration
of lime quality when calculating appropriate rates.
This coastal zone is dominated by four main soils accounting for about 70% of the area. Surface
soils acidity is extreme. From 70 to 81% of samples collected had pH below the recommended
target for the layer depending on soil type. Subsurface acidity in the 10–20 cm layer is also an
issue, although fewer subsurface samples were collected from this region, probably due to the
dominance of pasture and a decreased need to access deeper soil moisture because of the higher
rainfall.
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6 Darling Range to South Coast
% of samples below target pHCa

Soils

% of Zone

Target
pHCa 5.5

Target pHCa 4.8

0–10
cm

10–20
cm

20–30
cm

100

86

40

29

Gravels

63

89

38

29

Deep loamy
duplexes and earths

9

80

50

33

Saline wet

8

88

46

27

All soils
Main soils

The historical dominance of pastures compared to cropping is likely to have contributed to greater
acidification of the surface soil. This zone is dominated by gravels, comprising 63 percent of the
area. Nearly 90% of top soils samples collected had a pH below the target.
As for the Zone of Rejuvenated Drainage, the degree of acidification reflects the generally higher
production associated with higher rainfall compared to zones further east and the limited capacity
of the surface sandy soils to resist change in pH (low buffering capacity). The major impact of soil
acidity in this zone is in the surface 10 cm, although half of the 10–20 cm samples from the deep
loamy duplexes and earths were below target. The situation improved with depth with around 30%
of samples from the 20–30 cm layer having a pH below the subsurface target. This result probably
reflects the variable depth of the sandy or loamy textured surface soil, which is more prone to
acidification.

7 Zone of Rejuvenated Drainage
% of samples below target pHCa

Soils

% of Zone

All soils

Target
pHCa 5.5

Target pHCa 4.8

0–10
cm

10–20
cm

20–30
cm

100

74

47

40

Deep sandy
duplexes

55

87

52

41

Gravels

11

68

46

40

Deep loamy
duplexes and earths

7

64

40

30

Main soils

This zone is dominated by deep sandy duplex soils comprising 55% of the area. In this soil
type 87% of topsoil samples collected had pH below the recommended target. This degree of
acidification reflects the generally higher production associated with higher rainfall, compared to
zones further east and the low capacity of the surface sandy soils to resist change in pH (low buffer
capacity).
The other two soils – gravels and deep loamy duplexes and earths – had somewhat lower
proportions of surface samples below the target pH. However, more than half were below target. The
situation for this zone improved with depth, with only 30–40% of samples from the 20–30 cm layer
having a pH below the target. This result reflects the change in soil type with depth, characteristic of
the duplex soils.
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8 Southern Wheatbelt
% of samples below target pHCa

Soils

% of Zone1

All soils

Target
Target pHCa 4.8
pHCa 5.5
0–10
cm

10–20
cm

20–30
cm

100

82

39

25

Deep sandy
duplexes

25

84

41

28

Alkaline shallow
duplex

17

80

28

17

Saline wet

13

74

19

8

Gravels

13

88

53

34

Main soils

This zone is dominated by duplex soils with deep sandy duplexes and alkaline shallow duplexes
comprising over 40% of the area. Acidity in the surface soil is extreme. More than 80 and up to
89% of samples collected had pH below the recommended target for the layer. Unless surface soil
pH is increased, the subsurface soil layers will continue to acidify and restrict productivity.
The subsurface layers of alkaline shallow duplexes and the saline wet soils are at lower risk.
However, for the deep sandy duplexes and the gravels that make up 38% of the area, the risk of low
soil pH increases, with 40 to 50% of the samples collected from the 10–20 cm layer being below
the recommended target and around 30% of the samples from the 20–30 cm layer samples also
below the target.

9 Stirlings to Ravensthorpe
% of samples below target pHCa

Soils

% of Zone

All soils

Target
pHCa 5.5

Target pHCa 4.8

0–10
cm

10–20
cm

20–30
cm

100

80

24

15

Alkaline shallow
duplex

23

80

32

9

Shallow sandy
duplexes

21

82

23

17

Deep sandy
duplexes

18

81

28

21

Clays and shallow
loamy duplexes

10

77

17

9

Main soils

This zone has a similar pattern to adjacent zones. Around 80% of samples collected from the
010 cm layer have a pH below the recommended target. From 20 to 30% of the samples from the
10–20 cm layer and 10 to 20% of the samples from the 20–30 cm layer were below the subsurface
target, perhaps as a consequence of lower productivity and a greater impact of the duplex
subsurface layers.
Surface acidity impacts on nutrient availability and on the effectiveness of legume symbiosis to fix
nitrogen. Increased testing and awareness of subsurface soil acidity is recommended as well as
taking lime quality into account when calculating application rates.
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10 South Coast – Albany to Esperance
% of samples below target pHCa
Soils

% of Zone

Target
Target pHCa 4.8
pHCa 5.5
0–10
cm

10–20
cm

20–30
cm

100

88

59

42

Deep sandy duplexes

42

91

55

40

Shallow sandy duplexes

14

83

63

31

Gravels

13

86

62

46

Pale sands

12

85

60

45

All soils
Main soils

This coastal zone is dominated by duplex soils with deep and shallow sandy duplexes, gravels
and pale sands comprising over 80% of the area. Acidity in the surface 0–10 cm is extreme.
From 80 to 91% of samples collected had pH below the recommended target for the layer.
Over 60% of the subsurface samples collected had pH less than the target. This probably
reflects the greater proportion of deeper sandier soils across this zone.
Unless surface soil pH is increased the subsurface layers will continue to acidify and restrict
productivity. Increased testing and awareness of subsurface soil acidity is recommended as
well as consideration of lime quality when calculating appropriate rates as many lime sources
from this area tend to be coarser and of lower neutralising value than sources to the north of
Perth.

11 Salmon Gums Mallee
% of samples below target pHCa
Soils

% of Zone

Target
pHCa 5.5

Target pHCa 4.8

0–10
cm

10–20
cm

20–30
cm

100

38

3

3

Alkaline shallow duplex

68

42

3

1

Calcareous loamy earths

17

12

n.a.*

n.a.

Clays and shallow loamy
duplexes

7

9

n.a.

n.a.

All soils
Main soils

This zone is dominated by alkaline shallow duplex soils. The numbers of samples from across
this zone reflect the distinct change in soil type. Notwithstanding the obvious differences to
all the other Ag Soil Zones, the major soil type – alkaline shallow duplex – still has 42% of
samples from the surface 0–10 cm below the recommended target pH.
Although there is no indication that there is a subsurface acidity risk in this zone, it is still
possible that surface acidity could be affecting nutrient availability and nodulation of legumes.
The overall numbers of samples for this zone are relatively low, especially for the subsurface
layers.

* n.a. insufficient data for reliable assessment
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1

2.2 Wind erosion
Key messages

Wind erosion

Status and trend

Very low
Low
Moderate
High
Very high

2

Geraldton

3

Wind erosion is a seasonal hazard in the south-west of WA.
The indicator used for wind erosion hazard is erodibility – the
potential for soil loss in erosive winds.

4

More than half of the agricultural land had unacceptable hazard
ratings (were below target values) at least one year in four during
the period 2009–12.

Perth

The Central Northern Wheatbelt Ag Soil Zone had the greatest
hazard, with the zone being below target values in each of the four
years 2009–12.
Wind erosion hazard at the state level has reduced over time
because of changed cropping and stubble management practices.

7

5
Bunbury

Management implications

Merredin

8

6

10

9

Current land use practices still result in some degree of wind
erosion, with an estimated opportunity cost of $71 million per year.

9

Increasing the use of stable ground cover (including living and
dead vegetation and gravels) to prevent loss of soil, fine particles,
nutrients and soil organic carbon is a practical and profitable
option.

10

Climate variability and a drying climate will increase wind erosion
hazard without improved management practices.

11

Albany

Esperance
0

100

200

Kilometres

Figure 2.2.1 Resource hazard summary for wind erosion for the period 2009–12.
Note: This figure shows Ag Soil Zones that have had an unacceptable
hazard over the four-year reporting period. The hazard may not be
reflected in actual erosion events.
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Table 2.2.1 Resource status and trends summary for wind erosion
Ag Soil Zone

Summary

Hazard and trend
Very
high

1

Mid West

2

Mullewa to Morawa

3

West Midlands

4

Central Northern
Wheatbelt

Wind erosion hazard did not meet the target over the entire
monitoring period, mainly due to low rainfall.

5

Swan to Scott
Coastal Plains
Darling Range to
South Coast

Wind erosion hazard was not monitored in this zone.

6

High

Mod

Low

Very
low

Confidence
In
In
condition
trend

The low hazard status is due to good years in 2010–12, following
droughts in 2006 and 2008
Seasons have been dry, which has limited the growth of ground
covers. Some dust storms were reported.
Reliable rainfall resulted in good ground cover over the monitoring
period. Reliability of these results is limited by incomplete monitoring.

Not assessed

Some areas of high erosion hazard in dry years with high stock numbers
on poor pastures, however the region is of moderate hazard grade.

7

Zone of Rejuvenated Moderate hazard overall but has areas of high hazard in the west where
Drainage
high stock numbers are retained on poor pastures in drought years.
8 Southern Wheatbelt More reliable rain produced good crops and stable ground covers.
Areas close to salt lakes were poorer.
9 Stirlings to
More reliable rain produced good crops and stable ground covers.
Ravensthorpe
10 South Coast –
Adequate rainfall helped maintain stable ground covers.
Albany to Esperance
11 Salmon Gums
The rainfall over the monitoring period was below average, which
Mallee
limited farmers’ ability to maintain a protective ground cover.
Summary
hazard
grades

Confidence

Recent trends

Very low

No years below target hazard (years 2009–12)

Low

1 year in 4 below target hazard (years 2009–12)

Improving

Unclear

Moderate

2 year in 4 below target hazard (years 2009–12)

Deteriorating

Variable

High

3 year in 4 below target hazard (years 2009–12)

Stable

Very high

All years below target hazard (years 2009–12)
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Adequate high-quality evidence
and high level of consensus
Limited evidence or limited
consensus
Evidence and consensus too
low to make an assessment

Overview
Wind erosion is the process by which soil particles are detached and
transported from the land surface by the action of wind (Moore et
al. 1998). Transport occurs by suspension, saltation or creep. Wind
erosion occurs sporadically because it requires both a soil surface that
is susceptible to erosion and wind speeds strong enough to dislodge
the soil particles. This combination of susceptible soil and wind makes
it difficult to control wind erosion, as well as making it hard to monitor
erosion events as they occur.
Wind erosion is a natural process that has assisted historically in
shaping Australian landscapes. However, soil degradation by wind
erosion is caused by inadequate or inappropriate land management.
This damage to the soil resource has both on- and off-site impacts.

On-site impacts
Western Australian soils generally have low inherent soil fertility. Over
the years farmers have built up soil fertility with fertilisers and good soil
management. Wind erosion removes the finer fractions from the soil,
which includes the clay, organic matter and soil nutrients. The loss of
these particles reduces the water and nutrient holding capacity of the
soil and hence soil fertility. Research has shown that for every 3% of
the nitrogen that is removed from the soil, there is a 2% loss in yield of
the following crop (McFarlane and Carter 1989). If the top 10 mm of soil
are subjected to winnowing by the wind, crop yields may be reduced by
25% (Marsh 1982). Additional fertiliser applications will increase the soil
fertility, but the soil may not return to its original productivity because of
the loss of smaller particles which retain most of the nutrients.

Areas with sandy surfaced soils with minimal groundcover have a high
hazard of wind erosion (near Mullewa).

Other on-site impacts include the deposition of sand on fence lines and
in waterways and dams. This requires time and resources to remove.

Off-site impacts
Soil can be moved a few metres, or hundreds of kilometres depending
on the particle size and wind speeds. These particles impact the
community, environment and climate.

Sand accumulation on the lee side of a fence near Jerramungup.
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Removal of wind-blown
sand accumulated
along fence lines is a
time-consuming and
costly exercise (west of
Binnu).

Sand drift and surface organic matter
accumulated downwind of an eroding paddock
near Northam, February 2011.

Assessment method
Background
The sporadic nature of wind erosion makes it difficult to collect reliable
data on actual wind erosion across the south-west of WA. In addition,
eroded sites may be difficult to find after an erosion event if they are
obstructed from direct view, or if subsequent land management has
altered the soil surface to ameliorate the eroded soil. Aerial and satellite
imagery have shown promising signs (Eisele et al. 2011, 2012), but
the remote sensing technology is still being developed, and weather
conditions, such as clouds, can obscure the ground.
Dust storm near Dalwallinu, January 2011. The Central Northern
Wheatbelt Ag Soil Zone was assessed as having an unacceptable hazard
of wind erosion in 2011.

An alternative option is to monitor the condition of the landscape and
rate sites according to their potential for soil loss in erosive winds. This
observational technique is called roadside survey (Forward 2009).
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Roadside surveys
Roadside surveys involve travelling on representative road transects
and assessing, from a vehicle, in-paddock wind erosion likelihood at
geo-located sites. The survey methodology has been standardised so
that key fields can be compared across all Australian states (Forward
2009; Murphy 2009).

Years of observation
4

1

Roadside surveys are a rapid and cost-effective monitoring
technique to determine the extent of and likelihood for erosion
across the landscape. Additional information about land use and land
management is collected at the same time to help determine why a site
has a particular wind erosion likelihood rating.

3

2

Geraldton

2
1

3
4

There are currently 4125 sites in WA, of which 3505 were sampled
by DAFWA and 620 sites were sampled by South Coast NRM (a
collaboration between DAFWA and South Coast NRM). The sites are
situated on transects that dissect the most of the agricultural areas of
WA (Figure 2.2.2). Surveys are conducted twice a year, in late spring
when crops and pastures have senesced and maximum biomass has
been achieved, and in the following autumn just prior to seeding when
biomass is at a minimum or land disturbance by cultivation maximises
the erosion hazard.

Perth

Bunbury

Merredin

7

5

8

6

11

10

9

9
10

Albany

Esperance

0

100

200

300

Kilometres

Figure 2.2.2 Location of roadside survey observation points. Sites are
coloured according to the number of observation years for
each point. Native vegetation is shaded grey.

Steps in determining wind erosion hazard for a site by
conducting roadside survey
Three factors – soil/site potential, detachment and cover – are
assessed in the field, and then combined using a matrix table to
determine the wind erosion likelihood of each site (Figure 2.2.3).
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Table 2.2.2 Assessment criteria for potential (inherent potential for wind
erosion)
Category*

Description

0

Medium to heavy textured soils with hard-setting surface and/or
surface gravel >50%

1

Medium to light textured soils with some hard-setting soils with
some surface gravel

2

Light textured soils with some aggregation

3

Sandy textured soils with little aggregation

4

Loose sandy soils associated with deep sand dunes

* For soils in categories 0–3 in exposed landscape positions (e.g. ridges
and rises), increase the potential rating by one category.
2 Detachment – degree of soil disturbance
Detachment considers the presence and degree of physical
disturbance, such as trampling by livestock (Marsh 1982) and tillage by
machinery. The categories of detachment are described in Table 2.2.3
Table 2.2.3 Assessment criteria for detachment (degree of soil
disturbance)
Category Degree of soil
disturbance

Figure 2.2.3 Schematic showing the process for determining wind
erosion likelihood at a site.
These factors are defined as:

1

No significant
disturbance

No significant disturbance apparent

2

Partial
disturbance

Disturbance of some of the soil surface by:
• no-till/zero till sowing (narrow point/disc)
• first working with blade plough, prickle chain or
harrow
• light grazing by livestock (vegetation little
disturbed)

3

Complete
disturbance

Complete soil disturbance by cultivation, heavy
grazing (vegetation totally disturbed or removed by
stock) or both

1 Potential (soil/site) – the inherent potential of the land for wind
erosion
This measure combines soil surface texture, which is dependent on
soil type and does not change with time, and position in the landscape,
which determines the exposure to erosive winds. Sites are classified
into five classes, as per Table 2.2.2.
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Description

3 Cover – amount of protective ground cover

Erosion likelihood calculation

Cover is determined as a percentage of ground covered with protective
material including living and dead plant material, gravel and stone. Six
classes of ground cover are described in Table 2.2.4. Wind erosion is
unlikely to be significant when the ground cover is greater than 50%
(Findlater et al. 1990).

The erosion likelihood of each site is calculated by combining ratings
for potential, detachment and cover in a matrix which assigns a
likelihood rating to each site (Table 2.2.5). Although the likelihood rating
does not indicate actual wind erosion, it estimates the likelihood of
erosion should erosive winds occur.

Table 2.2.4 Assessment criteria for cover (amount of protective ground
cover)

Likelihood rating physical characteristics

Category

Per cent ground cover

0

0–12

1

13–25

2

26–50

3

51–75

4

76–88

5

89–100

Code

Rating

S

Safe

N
L
M
H
V
1 See
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Physical characteristics
No wind erosion likely and ground surface
unlikely to be affected.

Wind erosion unlikely although some minor
Negligible dust is possible. Ground surface likely to
remain intact.
Low

Likelihood
class1

Acceptable

Dust and minor soil movement is likely
although ground surface will probably
remain unchanged.

Dust and some sand movement and the
Moderate start of ground surface particle sorting
likely.
High

Widespread dust and soil movement and
rippling of ground surface likely.

Widespread dust and sand movement
Very high and deep deflation (hollowing out) of soil
surface likely.
Table 2.2.7

Unacceptable

Table 2.2.5 Matrix for assessing likelihood of wind erosion
Cover
Amount of protective ground cover
25–50%
50–75%

Potential
Inherent potential for
wind erosion

Detachment
Degree of soil
disturbance

0–12%

12–25%

0

1

N

S

S

0

2

L

L

0

3

M

1

1

1

75–88%

88–100%

S

S

S

N

S

S

S

M

M

N

S

S

N

N

S

S

S

S

2

H

H

L

N

S

S

1

3

V

V

H

N

S

S

2

1

M

M

L

S

S

S

2

2

H

H

M

L

S

S

2

3

V

V

H

L

S

S

3

1

M

M

L

S

S

S

3

2

H

H

M

L

S

S

3

3

V

V

H

L

S

S

4

1

M

M

L

S

S

S

4

2

H

H

M

L

S

S

4

3

V

V

H

L

S

S
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Resource condition target for wind erosion
The six erosion likelihood ratings can be grouped (for the benefit
of mapping simplicity) into two classes to provide a wind erosion
likelihood class for a site (Table 2.2.7).
Table 2.2.7 Likelihood ratings and classes for sites
Likelihood rating

Likelihood class

Safe

Acceptable

Negligible
Low
Moderate

Unacceptable

High
Very High
For the long-term sustainability of the soil resource, DAFWA considers
that less than 5% of the landscape should be in the unacceptable
likelihood class each year (target acceptable hazard), with the
aspirational aim of less than 3% of the landscape being in an
unacceptable likelihood class (Table 2.2.8).
Example of a rated site. The ratings of this site for wind erosion likelihood
are: potential – 2 (light textured soils with some aggregation); detachment
– 1 (no significant disturbance); and cover – 0 (0–12%), leading to a
likelihood rating of moderate (dust and some sand movement, ground
surface sorting begins) and a likelihood class of unacceptable.

Table 2.2.8 Hazard and target criteria for Ag Soil Zones
Target

Hazard

Criteria

Above target

Very low

<1% of the landscape in an unacceptable likelihood
class

Low

1–3% of the landscape in an unacceptable
likelihood class

Moderate 3–5% of the landscape in an unacceptable
likelihood class
Below target

High

5–10% of the landscape in an unacceptable
likelihood class

Very high >10% of the landscape in an unacceptable
likelihood class
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Current status and trend
Using the results from the roadside surveys, the proportion of sites with an unacceptable
likelihood class in the years 2009 to 2012 are assigned to each of the Ag Soil Zones (Table 2.2.9)
and graphically represented in Figures 2.2.4 to 2.2.7 as zone hazard and Figure 2.2.8 as years
below target. Colours indicate the average hazard of the zone (very high, high, moderate, low and
very low) for individual years with a summary showing the number of years that each zone was
below target over the four-year reporting period.
Table 2.2.9 Hazard summary for 2009–12
Ag Soil Zone

Hazard by year
2009

2010

2011

2012

Years below target

1

Mid West

Moderate

Low

Moderate

Low

0

2

Mullewa to Morawa

Moderate

Low

High

High

2

3

West Midlands

Low

Low

Moderate

Low

0

4

Central Northern Wheatbelt

High

High

Very high

High

4

5

Swan to Scott Coastal Plains

6

Darling Range to South Coast

Low

Low

Very high

High

2

7

Zone of Rejuvenated Drainage

Low

Low

High

High

2

8

Southern Wheatbelt

Moderate

Low

High

Low

1

9

Stirlings to Ravensthorpe

Low

Low

High

Low

1

10

South Coast – Albany to Esperance

Low

Low

Low

Low

0

11

Salmon Gums Mallee

Very high

Very high

Moderate

High

3

Not assessed

Note: this assessment only covers cleared agricultural land and only small areas of the Darling Range to South Coast and the eastern portion of the
South Coast – Albany to Esperance were surveyed.
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2009

Very Low
Low
Moderate
High
Very High

2010

Very Low
Low
Moderate
High
Very High

2009–12

1

Very low
Low
Moderate
High
Very high

2

Geraldton

3
4
Perth

Figure 2.2.4 Hazard assessment for 2009.

2011

Very Low
Low
Moderate
High
Very High

Figure 2.2.5 Hazard assessment for 2010.

2012

Very Low
Low
Moderate
High
Very High
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Figure 2.2.8 Summary hazard assessment for 2009–12
showing Ag Soil Zones that are consistently
below target condition.

Figure 2.2.6 Hazard assessment for 2011.

Figure 2.2.7 Hazard assessment for 2012.
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Influence of the previous season

– Albany to Esperance and the Salmon Gums Mallee zones, where
normal rains were experienced.

Climate variability plays an important part in pre-disposing whole
landscapes to wind erosion. In 2010, record low rainfall during the
growing season was experienced across the majority of the south-west
of WA (Figure 2.2.9). This severely reduced the amount of plant growth
expected over the winter, particularly pastures. There was still sufficient
rain to produce crops in the high rainfall zones (western wheatbelt), but
further east, many crops failed. The exception was the South Coast

The poor growth of pastures in 2010 increased the erosion hazard in
the western portion of the wheatbelt, because farmers held on to stock.
In many instances, already depleted ground covers were reduced to
below 50% by autumn 2011, resulting in very high grades in the 2011
hazard maps (Figure 2.2.10). The very high hazard grade for the Central
Northern Wheatbelt zone was due to non-existent pastures and failed

2010
Much above (decile 10)

1

Above (deciles 8, 9)

2

Geraldton

Below (deciles 2, 3)

Very Low
Low
Moderate
High
Very High

2

Geraldton

Average (deciles 4 - 7)

3

2011

1

3

Much below (decile 1)
Lowest on record

4
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Figure 2.2.9 Rainfall decile map for 2010 growing season.

Figure 2.2.10 Hazard assessment for 2011.
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crops. Even though the crops were affected by the bad 2010 season,
in the majority of cases stubbles were sufficient to resist major erosion.
Conditions in the wheatbelt ranged from very low (north and far east)
but high and very high in the central areas.

dry spell was followed with a cold front and strong prefrontal winds
which caused wind erosion in parts of the state. This example reflects
the hazard that is always present with inappropriate management.
Wind erosion in the south-west of WA over the monitoring period
2009–12 was variable, in both time and space, as would be expected
for this episodic event.

The interaction between land management and climate (season
conditions) are the major drivers of possible wind erosion. A poor
season with poor management will always see erosion occurring,
but erosion is not confined to poor seasons. In 2011, above average
rainfall resulted in increased plant growth and subsequently increased
plant biomass. However, increased crop stubble causes mechanical
problems during seeding of the subsequent crop. Therefore many
farmers burnt their paddocks to remove the stubble, thereby increasing
the erosion hazard grade from very low and low to moderate, high or
very high, depending on the soil type. Over the last four years, there
has been a significant increase in windrow burning which retains more
than 50% of the stubble, and a decrease in complete burns. However,
in 2012 the number of complete burns increased from 15% to 45% of
all burnt sites, resulting in an increase in the number of unacceptable
hazard sites.

From analyses of roadside survey data, the erosion hazard remains
low, from harvest to pre-seeding (i.e. over the summer/autumn period),
on about 85% of the sites visited over the last four years (Carter et al.
2012). The remaining 15% of sites have changed from one hazard state
to another, indicating that the majority of sites have been managed
in an acceptable condition across a variety of seasonal conditions.
However, the condition of the resource can fluctuate wildly from one
year to next, mainly because of seasonal conditions prior to and
during the growing season. Aggravation of the situation arises through
retaining unsustainable stock numbers and accelerating ground cover
removal through burning.
The Central Northern Wheatbelt zone is an area of concern because it
was below target for all years of the monitoring period. A severe dust
storm near Dalwallinu in 2011 (photo page 47) and further reports in late
2012 (DustWatch 2012) reinforces concerns for the zone. Other areas
that are below target (high hazard) were mainly affected by the drought
of 2010, with other years being on target. The higher rainfall zones of
the south have coped better with poor seasons, in most cases. See
management implications (below). In poor seasons, some farmers were
able to maintain protective groundcover levels by not cropping, destocking and/or agisting stock off-farm. Some of the high rainfall areas,
for example Kojonup, have gravelly soils so even in the absence of
ground cover they have a low wind erosion hazard.

Discussion and implications
The roadside survey technique and hazard matrix will only predict the
likelihood of erosion at that site, if winds are strong enough to move
soil. There is generally no follow-up to see if erosion has occurred on
the vulnerable sites because of the lack of time and resources required
to comprehensively monitor erosion events.
Satellite imagery is being investigated as a means of detecting the
presence or absence of erosion after the roadside survey (Eisilie et al.
2011, 2012). The transition from at hazard to actual erosion is also very
dependent on the timing of rain. The 2012 survey indicated that an
unacceptable proportion of sites were at hazard of erosion, but actual
erosion was low because of widespread gentle rains at the break of
season. However, two months later, after seeding was complete, a long

The variability in hazard rating is related both to management and
seasonal conditions. Grain growers appreciate the need to maintain
adequate cover (more than 50%) with the widespread management
practice of stubble retention. A problem can arise where ground cover
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Stubble management through burning. Low risk windrow burning (left) and higher risk landscape burning (right).
is excessive after a good season and complete burning is used to
reduce the stubble load. This issue occurred in the central wheatbelt
and southern wheatbelt in 2011, increasing the hazard rating at many
sites at the start of the 2012 season (as mentioned above). Fortunately,
a gentle soaking rain eliminated the hazardous situation. Poor stubble
management can be a threat in times of poor growth, but also following
good seasons. Grain growers now realise that complete burns are a
high risk strategy and the roadside survey observations are reporting
more windrow and partial burns, particularly in the northern agricultural
regions.

after low winter rainfall was common with the resulting development
of high to very high erosion hazards, particularly in the higher rainfall
zones. Anecdotal evidence suggested that these farmers were less
experienced in coping with these adverse situations because, being
in a reliable rainfall zone; they tend not to sell-off or agist stock, unlike
their counterparts in drier more variable areas.
Wind erosion is not routinely monitored by DAFWA in the intensive
industries (feedlots and irrigated agriculture), but issues of dust
nuisance can occur with both.
With irrigated agriculture on the Swan Coastal Plain, seedling damage
due to sandblasting can have serious economic impacts, particularly
to carrot growers. Strategies to prevent sand movement on these
intensely cultivated sandy soils usually involve irrigation. This may
be a waste of resources, but outweigh the loss of the emerging crop.

Grazing animals, particularly sheep, have been implicated in reducing
covers and detaching surface soil to a point where moderate to very
high hazards can occur during drought periods (Marsh 1982). The
zones of Darling Range to South Coast and Rejuvenated Drainage have
more stock enterprises than northern and eastern zones. Overgrazing
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Water erosion

2.3 Water erosion
Key messages

3

Water erosion hazard across the south-west of WA – during the
growing season – has diminished because of declining winter
rains, increased stubble retention and adoption of reduced tillage
practices.

4

Water erosion events are mainly caused by intense, localised
summer storms.

Perth

There appears to be a trend towards more frequent, potentially
erosive summer storms in the eastern wheatbelt and south-eastern
coastal areas, and relatively little change in other areas.

The average annual opportunity cost of lost agricultural production
in the south-west of WA from water erosion is estimated at $10.1
million. This loss is cumulative because of the irreversible nature of
soil erosion.

2

Geraldton

Condition and trend

Management implications
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Very high
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The requirement to retain a cover of 70% or greater of plant
material anchored by intact roots, means that total prevention
of water erosion is difficult, particularly with livestock grazing
systems.
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Figure 2.3.1 Resource hazard summary for water erosion.
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Table 2.3.1 Resource status and trends summary for water erosion
Ag Soil Zone

Summary

Hazard and trend
Very
High
high

1

Mid West

2

Mullewa to Morawa

3

West Midlands

4

Central Northern
Wheatbelt

Erosion isolated to irregular summer storms that are increasing in eastern parts
of the zone. Less reliable growing season rain further increases future risk.

5

Swan to Scott
Coastal Plains

Largely stable. Enterprises in the north are exposed to erosion from flooding of
major rivers.

6

Darling Range to
South Coast

Stock enterprises present erosion risk from summer storms. Irrigated farms
are managing erosion risk.

Mod

Low

Confidence
Very
In
In
low condition trend

High intrinsic risk and long history of erosion. Nangetty district and Moresby
Ranges remain at risk.
Largely stable, due to good stubble retention and minimum tillage. Emerging
problem is increased erosion on poorly productive, acidic sandplain soils.
Largely stable; erosion limited to localised summer storms coinciding with
poor ground cover.

7

Zone of Rejuvenated Excessive grazing pressure on sloping land in some parts perpetuates risk of
Drainage
erosion. Cropping land is largely stable.
8 Southern Wheatbelt Good condition but increasing intensity and frequency of summer storms in
the east remains a concern.
9 Stirlings to
Episodic events in the east have driven recent decline; this trend is expected to
Ravensthorpe
increase in future.
10 South Coast –
Condition continues to gradually decline due to insidious sheet erosion of
Albany to Esperance shallow topsoil and sodic subsoil.
11 Salmon Gums
Largely stable at present.
Mallee
Hazard
grades

Confidence

Recent trends

Very low

Water erosion hazard very low

Low

Water erosion hazard low

Improving

Unclear

Moderate

Water erosion hazard moderate

Deteriorating

Variable

High

Water erosion hazard high

Stable

Very high

Water erosion hazard very high
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Adequate high-quality evidence
and high level of consensus
Limited evidence or limited
consensus
Evidence and consensus too
low to make an assessment

Overview
Water erosion is the removal of soil from the earth’s surface by water.
Water erosion occurs when raindrops impact the soil surface and
displace soil particles and when water flowing over the land surface
mobilises soil particles. It occurs naturally at low rates, but it can
become accelerated as a result of human-induced management
changes to the natural landscape. In each case the same processes
operate and the distinction is only a matter of degree and rate of
erosion.
An acceptable erosion rate is one that is less than, or closely matches,
the soil formation rate. Estimated soil formation in WA ranges from 1
mm/100 years to 1 mm/1000 years, which equates to between 14 t/ha/
year and 1.4 t/ha/year (McFarlane et al. 2000; State of the Environment
2011 Committee 2011). Elsewhere in Australia, soil erosion of about
0.5 t/ha/year is regarded as natural, but in WA, “soil loss at almost any
rate is unlikely to be sustainable” (George 2001).
Water erosion and sedimentation processes can be both insidious and
episodic, and are largely irreversible. Once the soil has eroded and a
new base level established, it is difficult or impossible to revert to the
previous state. Further, the time required to form new soil is so long that
soil should be considered a finite resource.

Severe hillside erosion in lower left hand corner progressing to gully
erosion in upper right-hand corner. Most sediment is delivered to our
watercourses from gullying, stream bank and bed erosion, but the direct
costs to agriculture emanate mostly from hillside erosion. Both are adverse
for the economy, environment and societal values of WA.

Water erosion is a two-stage process:
•

•

Stage 1 occurs with raindrop impact and broad overland flow on
slopes, before that flow becomes concentrated into channels and
streams.

Stage 1 is commonly called hillside erosion or ‘sheetwash and rill’
erosion. This erosion reduces agricultural productivity by:

Stage 2 occurs within the channelised flow of gullies, streams and
rivers.

Distinguishing between the two stages is important because the
processes in action during each stage are different (although related),
the impacts of each stage on the landscape are different, and the
methods used to identify, monitor and/or model the rate and extent of
these processes are different.
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•

removing or moving nutrients

•

bringing hostile subsoils closer to the surface, thus reducing
effective rooting depth and plant available water capacity

•

silting up dams, waterways and lowlands with inert sandy
sediments, which can exacerbate flooding and waterlogging.

attached nutrients, also impact habitat values. Both processes result in
a decrease in economic and societal value of fisheries and tourism.

Hillside erosion contributes only a small fraction of the total sediment
delivery to its ultimate resting point in a catchment, and it also
contributes a relatively minor direct cost to agriculture. The annual
direct cost of water erosion to dryland farming in WA is estimated to be
$10.1 million (Herbert 2009).

Voluminous, fast-flowing water in gullies, streams and rivers has
repeatedly disrupted farming communities and the broader WA society
by destroying bridges, roads and infrastructure for utilities, and burying
infrastructure under sediments.

Accelerated hillside erosion occurs when raindrops impact and run-off
increases, due to one or a combination of the following:
•

ground cover comprises less than 70% of intact plant material
anchored by roots (Marston et al. 2001; Coles & Moore 2004)

•

low ground cover at critical times, including during summer
storms and at the break of season

•

degraded surface soil due to structure decline, sodicity and nonwetting

•

inappropriate tillage practices exposing the soil surface and
concentrating water flow

•

inadequate engineering works, including absent or poorly
constructed surface water earthworks, inappropriately sited dams
and poorly designed or constructed dam overflows, and poorly
located or insufficient road and rail culverts.

Appropriate management can reduce erosion, although not to preclearing rates unless land is permanently vegetated. Costs to agribusiness are cumulative, but the cost may not be realised until
a threshold is reached. For example, there will be little reduction
in profitability, nor increase in costs beyond additional fertiliser
applications and possibly re-sowing badly eroded areas, until the bulk
of the topsoil has been removed and crop roots are attempting to
invade the subsoil to gain access to nutrients and water.

Previous assessments
National land and water resources audit (NLWRA)
The first consistent national-scale assessment of water erosion was
conducted in 2001 as part of a national audit of the condition of
Australia’s land and water resources (Marston et al. 2001).

These factors increase the erosivity of water flowing through catchment
drainages, resulting in erosion rates being orders of magnitude higher
than in uncleared situations.

This study identified the south-west of WA as having very low
sheetwash and rill erosion rates, in the range of 0–0.5 t/ha/year.

Channelised flow is the second stage of the water erosion process.
It occurs when overland flow concentrates in gullies and streams,
scouring the heads, beds and banks of gullies and channels. The
direct effects of this erosion on agricultural productivity in WA over the
short term are limited to reduced trafficability on paddocks affected by
gullying, and a cost to businesses in rectifying or living with the gullies
in these paddocks.

An associated study by Lu et al. (2003) compared the estimated soil
loss due to sheetwash and rill erosion under current and pre-European
settlement conditions. They expressed the result as a ratio between
current and pre-European erosion. A low ratio of 1.5–5, for example,
means that current erosion rates are estimated at 1.5 to 5 times preEuropean erosion rates.
This study found that water erosion has increased since European
settlement across most of the lands cleared for agriculture and other
purposes, with the increases in south-west of WA generally in the low
(1.5–5 times) to medium (5–10 times) range.

Off-site impacts of channelised erosion on the environment are far
greater. Erosion and associated sedimentation alters or destroys habitat
for riverine and estuarine flora and fauna. Eutrophication of rivers,
lakes and estuaries, caused partly by the mobilisation of soil fines and
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Radioactive Caesium studies

Assessment method

Recent erosion rates determined from the Caesium 137 (137Cs) content
of soils indicate that the NLWRA (2001) assessment underestimates
recent erosion rates. This radio-isotope was released during
atmospheric nuclear weapons tests since the mid-1950s.

The assessment in this report is limited to hillside erosion since it directly
affects agricultural production. It uses a GIS-based modelling approach
to assess the relative change in water erosion hazard over recent
years due to climate change. This assessment uses the best available
datasets that account for important erosion-causing factors, identified in
the Revised Universal Soil Loss Equation (RUSLE) (USDA 1997).

The isotope is firmly adsorbed to the soil and can be used as a marker
of soil movement. Stable sites lose 137Cs only by radioactive decay.
Eroded sites will have lost relatively more 137Cs than nearby stable
sites, and depositional sites accumulate 137Cs from their eroded source
areas. By comparing the amount of this isotope in soil along transects
subject to human disturbance with nearby stable areas, it is possible to
calculate how much soil has moved recently.

The assessment provides relative erosion potentials and indicates
where changes in location of erosion risk are likely to occur because
of climate change. The assessment does not quantify the current
erosion rate, nor the extent or condition of agricultural land currently
affected by hillside erosion, because little data exists regarding actual
occurrence, severity, and change in productivity. It also does not assess
degradation caused by gully and river erosion, because a paucity
of reliable data limits model applicability for channelised flow in WA
conditions (Marillier et al. 2008).

The study was conducted on a limited number of sites throughout
irrigated and dryland agriculture and rangelands areas of WA. Sites
were grouped according to land use and rainfall zone (McFarlane et al.
2000). Erosion rates between apparently similar land uses and rainfall
zones varied significantly and finding valid reference sites in WA was
sometimes problematic.

Factors contributing to hillside erosion and accounted for in RUSLE
(see information box and Figure 2.3.2) include:

The measured erosion rates under different land uses and rainfall
distributions varied from 5 to 10 t/ha/year, (Table 2.3.2) which is an
order of magnitude greater than the NLWRA (2001) results.
Table 2.3.2 Mean erosion rates of different land uses and rainfall ranges
at sites in the south-west of WA
Land use

Number of
sites

Rainfall range
(mm/year)

Mean erosion rate
(t/ha/year)

Horticulture/ Pasture

17

1400–700

4.8

Pasture/Wool

7

700–500

9.8

Crop/Pasture

27

500–300

6.6

Source: Modified from McFarlane et al. (2000).
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•

intrinsic susceptibility of the land, comprising:
a. slope length
b. slope steepness (gradient)
c. soil erodibility

•

rainfall erosivity

•

cover, comprising:
a. land cover (usually by vegetation)
b. land management practices.

RUSLE Step 1: Susceptibility – the intrinsic susceptibility of the land
This step brings together slope length, slope steepness (gradient)
and soil erodibility factors and is based on an assessment of the soillandscape characteristics from DAFWA’s map unit database (Figure
2.3.3). Soil erodibility, slope length and steepness were accounted for

Susceptibility of water erosion
Very Low

1

Low

2

Geraldton

Moderate
High

3

Very High

4
Perth
Figure 2.3.2 The factors used to determine water erosion hazard.

Bunbury

The Revised Universal Soil Loss Equation (RUSLE)
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9

RUSLE is an empirical model that uses experimental erosion data
from a series of sites and compares the erosion rate of these to a
‘standard plot’. The result is presented as an average annual soil
loss value, based on steady-state conditions of overland flow on
hillsides. The RUSLE is unable to present reliable results for extreme
events, and requires extensive data to deliver a reliable absolute
result. The RUSLE does not attempt to account for erosion caused
by channelised water.
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Figure 2.3.3 Intrinsic susceptibility of water erosion, combining soil
erodibility, slope length and steepness, classified according
to the proportion of the map unit with a water erosion hazard
of high or greater (adapted from van Gool et al. 2005).
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together by applying a water erodibility index, based on expert opinion,
to DAFWA’s soil-landscape mapping, which is the most detailed
available (Schoknecht and Tille 2002). The index derives from the water
erosion hazard ratings described in van Gool et al. (2001), and was not
altered for the different time-steps in this model.

Land use
Cropping
Grazing
Forestry
Natural

1
2

Geraldton

RUSLE Step 2: Cover – the protective cover on the land
The cover factor was determined by applying a cover index, based on
expert opinion, to different categories of the broad land use classes of
the Land Use of Australia, Version 4, 2005–06 (ABARES 2010). Classes
defined, from highest to lowest cover, were:

3
4

• natural vegetation and reserve
• forestry

Perth

• grazing only
• cropping (incorporating grazing).
This index remained static across the time-steps. The relative cover
factors are shown in Figure 2.3.4.

Bunbury

Land Use of Australia provides a very general assessment of the use
of agricultural lands. Its distinction between ‘grazing’ and ‘cropping
incorporating grazing’ is questionable in relation to the south-west
of WA. It also does not identify land that is only cropped, since the
destocking of farmlands is a recent phenomenon. Even so, it is the
most detailed land use mapping available.
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RUSLE Step 3: Rainfall erosivity
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Figure 2.3.4 Broad land use categories used to determine the cover
factor (adapted from ABARES 2010).

Most erosion is episodic and in this assessment it is assumed that
rainfall has the most erosive impact when cover is likely to be least,
which usually occurs twice in a year. The first period we call the
‘break of season storm’, when cover is low because land is disturbed
for seeding and grazing has reduced pastures and stubble to their
lowest levels. The second we call ‘summer storms’, which are intense
rainfall events occurring over summer after harvest and when cover
has declined by stock grazing, photodegradation, and paddock

manipulation, such as burning and fallow tillage to reduce weed
burdens.
Relative assessments of erosion risk can be determined by considering
the trend over time for the occurrence of potentially erosive rainfall
events at these critical times.
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recent time period. For each station over each period, the number
of storm events was summed and then converted to a frequency by
dividing the number of storms recorded by the number of seasons
analysed. Each stations’ frequency was converted to an index by
dividing its frequency value by the highest frequency value calculated
for any station over any time period. The index was then spatially
interpolated (Jeffrey et al. 2001, 2006) to create maps (Figures 2.3.5 and
2.3.6). The scale of each map represents the probability (0–100%) of an
area encountering a break of season storm in any year for the periods
analysed.

The first time period considered was the 30-year period of 1961–90,
regarded by the World Meteorological Organization as the current
‘normal’ baseline period (WMO 1989). See Trewin (2007) for a detailed
discussion of ‘normal’ periods. This period is hereafter called the
historical period.
The second time period considered was the 12-year interval from 2000
to 2011, which was the latest period available at the time of analysis.
This period is hereafter called the recent period.
To normalise each dataset and negate any bias introduced by analysing
different time slices, data for all weather stations were converted to
storm frequencies and then to an index based on the highest frequency
encountered at any weather station over all time periods, before
conducting the spatial interpolation described below.

There appears to be a trend, over the last decade or so, towards
reduced chance of erosive rainfall events at the break of season
across most of the south-west. This also indicates an increase in the
proportion of seasons where the season break is less well defined
and occurs over an extended period with smaller rain events. This
phenomenon was noted by the Indian Ocean Climate Initiative (IOCI
2012). It documented that the south-west of WA had 150 mm less
annual rainfall than 50 years ago, with autumn rainfall declining 15%
and May rainfall declining 25% since 2000 (IOCI 2012). This trend is
expected to continue.

Potentially erosive rainfall events for the two key risk periods have
been determined by expert opinion to be generally representative of
‘threshold’ values and were calculated from daily rainfall data extracted
from south-west weather stations. Each time-slice for each risk period
was spatially interpolated (Jeffrey et al. 2001, 2006) to create rainfall
erosivity maps for both break of season storm and summer storm for
the aforementioned time periods (Figures 2.3.5, 2.3.6, 2.3.7, 2.3.8).
Scenario 1
Break of season storm events, which were defined as:
20 mm or more of rain falling over a standard BoM (Bureau of
Meteorology) 24-hour period (9.00 am to 9.00 am the next day) between
April and July inclusive AND where there had been less than 30 mm of
cumulative rain in the previous two months.

“Over the past five to ten years, the May–July rainfall decline has
intensified and expanded.”
Dr Bryson Bates, CSIRO, IOCI3 Project Manager

This definition describes conditions of a heavy opening rainfall event
with no effective prior rain. These conditions are likely to be the most
erosive because in annual cropping and pasture agricultural systems
there is unlikely to be living groundcover. By definition, such an event
can either not occur, or can occur only once, at each location each
year.

The exception is an increased chance of a break of season storm
on the Swan and Scott Coastal Plains zone and the northern portion
of the Darling Range to South Coast zone, an area analogous to the
‘western woolbelt’. This increased probability could result from more
common, extended dry spells preceding a significant rainfall event,
thus increasing the chance of fulfilling the criteria for a break of season
storm (i.e. greater chance of a dry summer – early autumn preceding a
20 mm or greater rainfall event between April and July).

For each weather station, data were queried to identify all events fitting
the definition of a break of season storm, classified by historical and
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Figure 2.3.5 Likelihood of break of season storm events in any year for
the historical period (1961–90).
(Adapted from Jeffrey et. al. 2001).

Figure 2.3.6 Likelihood of break of season storm events in any year for
the recent period (2000–11).
(Adapted from Jeffrey et. al. 2001).

It is not known from this analysis if these apparent trends will continue,
although the IOCI (2012) state with 99% certainty that a highly
significant downward trend in the Phillips criterion (an index that relates
to south-west winter rainfall) occurred from 1950–99, and that model
forecasts a continued trend into the future (IOCI 2012).

Scenario 2:
Summer storm events, which were defined as:
20 mm or more of rain falling over a standard BoM 24-hour period
between December to February inclusive.
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Figure 2.3.7 Likelihood of summer storms during the historical period
(1961–90) matching the maximum number of storms
recorded in any year. (Adapted from Jeffrey et al. 2001).

Figure 2.3.8 Likelihood of summer storms during the recent period
(2000–11) matching the maximum number of storms
recorded in any year. (Adapted from Jeffrey et al. 2001).

Data for each weather station was first separated into historical and
recent time periods. For each weather station over each time period,
data were queried to identify all events fitting the definition of a summer
storm. The number of storms recorded was converted to a frequency
by dividing by the number of seasons analysed. Each frequency was

converted to an index by dividing its value by the highest frequency
value calculated for any station over any time period. The index was
then spatially interpolated (Jeffrey et al. 2001, 2006) to create maps
(Figures 2.3.7 and 2.3.8). The scale of each map represents the
probability (0–100%) of an area encountering the highest frequency of
summer storm for any year over all periods analysed.
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Current status and trend

The analysis indicates that, over the last decade or so, there appears to
be a trend towards an increasing number of potentially erosive summer
storms in the eastern wheatbelt and south-eastern coastal areas, and
relatively little change in other areas.

As discussed in the assessment methods, erosion hazard has been
assessed at two critical times when land cover is likely to be lowest, so
a potentially erosive rainfall event is most likely to cause erosion.

This apparent increase in summer storms along the eastern margin
of the wheatbelt match the broader ‘large and significant’ increase
in summer rainfall in north-west Australia, a trend whose mechanism
is poorly understood (IOCI 2012). However, recent rainfall modelling
suggests that an increase in aerosols may be contributing to increasing
rainfall across the north-west and central Australia, even when
‘greenhouse gas forcing’ suggests rainfall should have decreased (IOCI
2012). The modelling runs mimic the observed trends in our analysis. It
is not known if this trend will continue into the future.

Erosion hazard – break of season
The first critical period is the break of season when protective land
cover is at a minimum, because stubble has degraded or been grazed
and seeding for the year’s winter crop is underway or at least planned.
Erosive break of season rainfall events appear to be contracting to the
south-west. A comparison of the historical and recent periods (1961–
90 and 2000–11) shows a trend towards a decreasing frequency of
potentially erosive events across large parts of the south-west (Figures
2.3.9 and 2.3.10).
The general decline in rainfall and the reduced frequency of intense,
early season rainfall reduces erosion risk in the higher rainfall zones in
three ways:
1.
The soil is less prone to waterlogging and hence, saturationexcess erosion.
2.
Reduced waterlogging improves growing conditions resulting in
better ground cover.
3.
The declining rainfall increases the soil volume available to act
as a ‘sponge’, thus perpetuating the benefit over subsequent
seasons.
The general decline in rainfall in the central, eastern and northern
wheatbelt may also be contributing to increasing water repellence
of surface soil, which will increase the likelihood of water erosion
occurring when intense rainfall occurs.
These findings are in line with a general and continuing decline in
autumn and winter rainfall across the south-west (IOCI 2012). Note that
much annual variability exists across the south-west. Break of season
rainfall events could lead to soil erosion in any area in any season.
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Figure 2.3.9 Modelled erosion hazard for a break of season event in the
historical period (1961–90).

Figure 2.3.10 Modelled erosion hazard for a break of season event in the
recent period (2000–11).

Erosion hazard, summer storm

probability of erosion occurring during summer storms. This effect is
most prevalent in the Central Northern Wheatbelt, Mullewa to Morowa,
and Southern Wheatbelt zones, where declining winter rainfall has
resulted in drought conditions several times in recent years.

The second critical period is summer. Thunderstorms throughout the
summer period, when the protective land cover is often low, increase
the risk of erosion.

Comparing the historical and recent periods (1961–90 and 2000–11)
shows a trend to increasing chance of potentially erosive summer

The combined effect of declining growing season rain (resulting in
low cover) and increased chance of summer storms, increases the
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Figure 2.3.11 Modelled erosion hazard for a summer storm event in the
historical period (1961–90).

Figure 2.3.12 Modelled erosion hazard for a summer storm event in the
recent period (2000–11).

storms in the eastern and south-eastern parts of the south-west of WA
(Figures 2.3.11 and 2.3.12). This trend is matched by recent climate
modelling (IOCI 2012). Maintaining sufficient ground cover to prevent
an erosion event in the summer months in these areas is probably of
greater importance now than previously. Land managers need to be
aware of these apparent trends. At the same time however, annual
variability is great across the south-west of WA and summer storms
could lead to soil erosion in any area in any season.

Discussion and implications
The water erosion assessment method presented here only indicates
spatial changes in hazard from historical (1961–90) to more recent
(2000–11) climate data. It does not map extent or severity of past water
erosion events, and DAFWA does not routinely monitor land condition
for evidence of water erosion after extreme rainfall events. However, the
results of the assessment appear to be borne out on the ground.
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Regional intelligence highlights a decreased overall risk of water erosion
occurring, with drier winters and softer breaks attributed for these
decreases across the south-west of WA (Clarke 2013; Priest 2011;
A. Stuart-Street, P. Tille, J. Dee, P. Galloway, pers. comm.).

Anecdotal evidence from farmers and agribusiness consultants
suggests that reduced tillage reduces run-off, resulting in less effective
water catchment into dams. Our assessment suggests that at least
a portion of this reduced run-off could be due to climate change. A
comparison of rainfall temporal distribution and intensity suggests a
significant change over the recent 12-year period compared to the
historical 30-year period, with fewer heavy falls prior to and during the
growing season.

Average erosion rates under dryland cropping systems appear to be
lower than in the past, indicating that recent changes in tillage practices
and stubble retention have resulted in a more sustainable farming
system, from a water erosion perspective. The flipside is that larger
machinery and minimum tillage have changed tillage patterns across
the paddock and many farmers have removed fences and conservation
earthworks (e.g. grade banks) to till larger areas in straighter lines,
more quickly. The reduced density of banks and propensity to ignore
contours when working the soil could result in large erosion events if
intense rainfall coincides with low cover prior to or just after seeding.

One area of concern with declining early winter rainfall is the increasing
prevalence of non-wetting soils and apparently increasing sheetwash
erosion on light sandy and gravelly soils in the West Midlands, South
Coast, Central Northern Wheatbelt and Southern Wheatbelt zones.
Another concern is continuing water erosion on sodic duplex soils
of the South Coast zone, with historical wind erosion and thinning of

Good cover prevents erosion. This paddock near Hyden did not erode
after an intense summer storm dumped more than 150 mm rain, causing
damage to infrastructure including this fence.

Water repellence contributes to water erosion by sheetflow and wind
erosion in this bare paddock, West Midlands zone.
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topsoil combining with poor sodic subsoils to cause on-going declines
in productivity.
Most erosion events documented over the past 15 years highlight the
impact of intense summer storms across the south-west of WA and
decaying tropical cyclones in the eastern wheatbelt and adjoining
rangeland catchment areas.
Grazing and mixed cropping/grazing enterprises appear to be driving
broad-scale erosion risk in most areas. These enterprises are the
ones whose cover is most often below threshold levels, although this
is by no means universal. Many good land managers have adopted
rotational grazing and confinement feeding to reduce erosion hazard
and maximise profit.
Areas of most concern are parts of the Darling Range to South Coast,
Rejuvenated Drainage Zone, Southern Wheatbelt and Stirlings to
Ravensthorpe zones. Erosion appears to be highest with high setstocking rates on annual pasture and stubble grazing situations. Poor
cover due to low growth during drought years contributes to erosion
during summer storms.
Increased summer rain on the eastern margin of the central wheatbelt
and central south-east presents an opportunity for increased
production from pasture, particularly perennial pastures and permanent
livestock production on parts of the landscape most prone to drought
and episodic water erosion. This opportunity coincides with declining
autumn and winter rainfall over similar areas, which can result in poor
germination and early season growth, reducing the viability of grain and
oilseed production. However, there remains the risk that this apparent
trend may be caused by transient and poorly understood features of
the climate. These are currently being researched (IOCI 2012).

Sodic subsoil contributes to waterlogging and water erosion in this
paddock, Stirlings to Ravensthorpe zone.

Although not part of this assessment, damage to irrigated agriculture
and rural town infrastructure caused by water erosion and flooding
from several summer storms and tropical cyclones over the past 10
years has been costly and damaging to WA’s fresh food supply. The
Greenough River, Moore River, Gascoyne catchment and smaller south
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coast catchments have all recently been affected by such events. The
severity of damage may have been exacerbated by poor cover and low
detention times in the catchments of these rivers.
On the west coast, irrigated pastures and horticulture are largely stable
and indicate that plot layout and design, and rotational grazing and
supplementary feeding has improved in recent years to make these
agricultural systems more sustainable.
The episodic nature and spatial and temporal variability of water
erosion events makes it difficult to monitor erosion directly. Surrogate
monitoring of land cover through a combination of roadside survey
technique and remote sensing is a viable alternative that will enable
remedial action to be undertaken on areas that repeatedly display
inadequate cover. Importantly, such monitoring provides an early
warning signal to prevent erosion, rather than just documenting its
presence.

•

Research and develop remote sensing to map types of vegetation
and biomass, including native vegetation, annual and perennial
pastures, growing crops and dry biomass. This should provide
early warning of erosion risk when validated by ground-truthing.

•

Collect relevant climate, soil, land attribute, soil loss and
sedimentation data to populate and validate existing water
erosion models, including RUSLE and SedNet, for WA conditions.
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Recommendations
•

•

A minimum of 70% intact and anchored ground cover is the land
managers’ target for prevention of both wind and water erosion
(Coles and Moore 2004). This figure will provide an easy-tounderstand DAFWA extension message.
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2.4 Soil organic carbon
Key messages
Condition and trend
WA soils are low in soil organic carbon (SOC) by global standards.
SOC levels are positively related to rainfall and increased biomass production.
Highest SOC levels (and variability) occur in areas of higher rainfall that support increased biomass production, and on soils that are unconstrained by water
availability.
It is likely to take a decade or more of monitoring to detect significant changes in SOC because of its high spatial and temporal variability.
SOC levels are likely to decline in response to predicted declining rainfall where there is a corresponding decrease in biomass production.
Actual SOC stocks are only known for a small portion of the south-west of WA.

Management implications
Detecting differences in SOC levels due to existing land use and management in the south-west of WA is difficult because of:
– large influences of rainfall and soil moisture on SOC levels
– land use and management practices are applied selectively to soil types and across regions.
For SOC levels to be maintained or increased, management should focus on:
– increasing plant biomass production by addressing soil constraints, and improved agronomic management
– minimising organic matter and soil loss from water and wind erosion
– increasing the frequency and amount of organic matter returned to soil
– applying organic inputs where profitable.
Management systems that support a greater proportion of the year under an actively growing crop or pasture are more likely to result in potential gains in SOC.
Increasing SOC is widely regarded as beneficial to soil function and fertility and has been associated with increased agricultural productivity.
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Soil organic carbon (SOC) abundance
and trends
The Agricultural Soil Zones (Ag Soil Zones) in
the south-west of WA as shown in Figure 2.4.1
are used in Table 2.4.1 to regionally represent
summarised data on abundance and trend.
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Figure 2.4.1 Ag Soil Zones of the south-west of WA.
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Table 2.4.1 Resource status and trend summary for soil organic carbon (SOC)
Ag Soil Zone

Summary

Abundance and trend
Very
low

1

Mid West*

2

Mullewa to
Morawa*
West Midlands*

3

Low

Mod

Confidence
Very
In
In
High
high condition trend

SOC levels vary with rainfall gradient. High temperature and soil constraints limit
biomass production and SOC.
High temperature and low rainfall limit biomass production and SOC.
SOC levels vary with rainfall gradient. Lighter textured (sandy) soils are lower in
SOC. Soil constraints limit biomass production.

4

Central Northern
Wheatbelt*

Greater variability in SOC levels associated with rainfall gradient and high
temperatures.

5

Swan to Scott
Coastal Plains

SOC levels related to wide rainfall range. Very high levels often associated
with irrigated, fertilised pastures. Decline in SOC under intensively cultivated
horticultural systems.

6

Darling Range to
South Coast

SOC levels vary with rainfall gradient. SOC maintained in conservation areas and
areas of reliable rainfall. Risk of SOC decline with increased cropping.

7

Zone of Rejuvenated SOC levels vary with rainfall gradient. Possible decline where cropping is
Drainage*
increasing and pasture declining. Soil constraints can limit biomass production.
8 Southern
SOC levels declining along west to east rainfall gradient.
Wheatbelt*
9 Stirlings to
SOC levels vary with rainfall gradient. Dominance of pastures in high rainfall
Ravensthorpe*
likely to have highest SOC.
10 South Coast –
SOC levels relating to wide rainfall range; high rainfall supports greater biomass
Albany to Esperance production. Highest levels likely under perennial pastures.
11 Salmon Gums
SOC levels declining with lower rainfall and soil constraints. Higher clay soils
Mallee
may support greater storage capacity but these are in the lower rainfall areas.
Soil carbon
condition
grades**

Very high
High

>4% in 0–10 cm
2-4% in 0–10 cm

Moderate

Confidence

Recent trends
Improving

Unclear

1-2% in 0–10 cm

Deteriorating

Variable

Low

0.5-1% in 0–10 cm

Stable

Very low

<0.5 in 0–10 cm
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Adequate high-quality evidence
and high level of consensus
Limited evidence or limited
consensus
Evidence and consensus too
low to make an assessment

* Reliability of information is low.
** Soil organic carbon condition
grade terms of very low to very
high are only relative to the range
of SOC values that occur in the
south-west of WA. High does not
necessarily relate to a high value
at the global level.

Overview

it is possible that in areas with decreasing biomass production that a
decline in SOC will be observed over time.

Soil organic carbon (SOC) is derived from organic matter which ranges
from living organisms to decaying plant material to charcoal. Organic
matter has beneficial physical, chemical and biological influences on
soil condition and plant growth; and in some soils is the major source of
plant available nutrients. The inorganic carbon present in soil minerals
(e.g. CaCO3) is not considered in this assessment.

This chapter reports the present knowledge of SOC levels and trends in
agricultural soils in the south-west of WA.

Assessment method
Since the amount of geo-located SOC data is limited, efforts were
made to use as much data as possible and extend its relevance to
areas where no data exists, which required standardisation of the
measurements and examining ways to maximise its utility.

WA soils are generally low in SOC by global standards and for
the south-west of WA, SOC levels typically range from 0.7 to 4%.
Historically, drier regions of the south-west of WA were inherently low
in SOC because of the strong influence of climate on the amount of
organic inputs and the prevalence of sandy textured soils. While in
some areas changing land use to agriculture actually increased SOC
(e.g. where biomass production has increased under land uses such
as pasture), large areas of land converted from native vegetation to
agricultural systems experienced a decline in SOC associated with
cultivation. While the attainable SOC content is defined by climate
(rainfall and temperature) and soil clay content, management and site
factors interact to influence the actual amount of SOC.

Standardisation of data
Source data
Five primary data sources were used in this assessment with samples
procured between 1999 and 2012 (Table 2.4.2).
Table 2.4.2 Sources of data for soil organic carbon in WA
Code

Increasing SOC is widely regarded as beneficial to soil function and
fertility and has been associated with increased agricultural productivity.
With soil being considered a major world carbon sink (as well as a
source of carbon emissions), increasing the amount of organic carbon
in agricultural and rangeland soils is seen as one way of decreasing
atmospheric carbon dioxide (CO2) concentrations and mitigating
climate change. Consequently there is great interest in quantifying the
ability of various soil types and land management practices to increase
net organic carbon inputs to the soil and understanding how these
changes will impact soil health and carbon sequestration in the medium
and long term.
The amount of SOC can vary greatly over time due to a variety of
processes. However, with climate modelling predicting decreasing
rainfall and increasing average temperatures for the south-west of WA,

Source

Sampling
period

No. of 0–10
cm samples

Analytical
method*

P

DAFWA profiles database

1999–12

214

WB

LC

Albany Catchments

2007–08

192

WB

SWCC

Lower Swan Coastal plain

2007–08

317

WB

SH

Soil Quality Research
Program
(Wheatbelt NRM, GRDC,
UWA, DAFWA)

2006–09

512

WB

SCaRP

Soil Carbon Research
Program WA node (DAFF,
GRDC, UWA, DAFWA)

2009–11

1456

LECO

* WB Chemical oxidation (Walkley-Black); LECO Dry combustion
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Sample depths

The bulk of the data tend to be localised in terms of space, time
and purpose. While it is assumed that their combination provides a
reasonable representation of a range of land uses and soils across the
south-west of WA, it is likely that data in some areas is biased, largely
through major omissions in sampling.

Organic carbon is predominantly concentrated in the surface layers of
soil and the amount declines rapidly with depth. This is especially true
for agricultural soils. This surface concentration is associated with the
relative location of organic inputs and biological activity.

Measurement differences
Because different methods (e.g. WB or LECO)
and different laboratories can give different
results, standardising data is important
(Skjemstad et al. 2000). The WB results were
multiplied by a factor of 1.3, as described by
Walkley and Black (1934), to give an adjusted
value close to what would be expected from
the LECO method.

Temporal influence
Using data from a wide range of sampling
times may be a poor indicator of current
condition. A comparison of SOC maps
generated as defined below for two temporal
intervals (1999–2005 and 2006–11) were
not obviously different (data not presented).
Significantly, they had little spatial overlap
meaning that comparison between these
sampling periods was not reasonable.
Therefore, the analyses presented here are for
all available data from 1998 to 2012. This is
inferring that having more data over a wider
coverage is more important than the possible
temporal differences or accurate current
values.

Soil profile photos for two common soils in the south-west of WA showing the concentration of soil
organic carbon as indicated by the dark colours in the surface layers of a Deep sandy duplex (left)
and Pale deep sand (right).
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Analysis

Because SOC is concentrated at the surface, different sampling
intervals produce different results (Figure 2.4.2). For this reason,
sampling intervals for SOC comparison and monitoring (nationally and
internationally) are generally standardised to 0–10, 10–20, 20–30 cm,
and commonly integrated over 0–30 cm.

The SOC data were analysed for the opportunity to infer the level and
trends for SOC (i.e. condition) across the south-west of WA. Despite a
significant volume of work in sampling different areas, extensive gaps in
SOC measurement remain. The data is highly localised (at the regional
scale), and often with large variation in SOC at the local scale. These
patterns rule out the use of computer-based interpolation methods to
model the geographic variation across the south-west of WA because
the products of such data are often very “noisy”.

Consequently, the available data was standardised to the SOC in
the top 10 cm using a strong correlation which exists between the
percentage of SOC in 0–10 cm and the percentage of SOC in 0–30 cm
(SCaRP data).
This assessment uses the 0–10 cm interval since it contains about 60%
of the SOC in the top 30 cm, and this interval is the common testing
interval for agricultural soils so values reported here will have immediate
relevance to landholders.

However, as described in Appendix 1, pooling the data using the
soil-landscape mapping framework provided a consistent way of
interpreting the data. In this, the soil-landscape subsystem map unit
became the primary analysis framework. Statistics, such as minimum,
mean, maximum, standard deviation and count, were computed for
each map unit which contained measured samples.

SOC (%)
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Figure 2.4.2 The influence of a change in sample depth intervals on the distribution of soil organic carbon in the same soil profile.
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1

1.25

1.5

In the south-west of WA, SOC ranged between 0.1 to 14.8% in 0–10
cm samples. Averaged by map unit, this range was narrowed to
between 0.3 and 9.3%. The average SOC (0–10 cm) in a map unit is
represented in Figure 2.4.3 as a concentration (%) and in Figure 2.4.4
as SOC stocks (t C/ha).

As a result of the spatial distribution of samples, the available data in
this format remains highly clumped. Only 7% of the soil-landscape
units contained the 2490 samples measured for SOC at 0–10 cm.
Furthermore, about half of these subsystems had only 1 or 2 samples,
which are not reliable. Thus, even modestly reliable estimates are
available for just a small percentage of the south-west of WA. These
contribute to low confidence in aggregate statistics at a regional scale
(e.g. Ag Soil Zones) and for the whole of the south-west of WA.

%, 0–10 cm

SOC stocks in tonnes of carbon per ha (t C/ha) is the standardised
method of carbon accounting. Bulk density values are required to
convert the concentration measurements of SOC (%) to SOC stocks
(t C/ha). Only one-quarter of the available data had bulk density
measurements which allowed this conversion. Analyses for this report
were performed using both the concentration of SOC (%) and SOC
stock (t C/ha) in the top 10 cm.

4 to 9.5
2 to 4
1 to 2
0.5 to 1
0.25 to 0.5
Native vegetataion
and reserves

1
2

Geraldton

3
4

Current status and trends
Perth

Condition
The amount of SOC (0–10 cm) is presented as both a concentration (%)
and a stock (t C/ha). It is noted that the standard carbon accounting
interval is 0–30 cm, which can be roughly inferred by dividing the
concentration of SOC from the 0–10 cm layer by 1.6, and multiplying
SOC stocks by 1.6.

Bunbury

Merredin

7

5
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6
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Albany
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10

9

9

Maps are the most effective form of presentation as they display
patterns in abundance and the location of available data. While it was
possible to infer values for map units with similar soil and location
as was foreshadowed in Appendix 1, the products appeared to
misrepresent the geographic patterns. Therefore such extrapolations
were considered to be unreliable.
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Figure 2.4.3 Soil organic carbon concentration (%) in 0–10 cm. Areas
of low confidence (e.g. subsystems with less than two
sites) are white; grey areas represent native vegetation and
reserves.

Summaries by Ag Soil Zones

Despite the paucity of data, broad geographic patterns are obvious.
There is considerably more SOC in the south-west corner of the southwest of WA compared to remaining areas. While to some degree this
variation is reflected in differences between the Ag Soil Zones, there is
significant variation within some zones.

t C/ha, 0–10 cm
80 to 115
40 to 80
20 to 40
10 to 20
0 to 10
Native vegetation
and reserves

1
2

Geraldton

3
4
Perth

Bunbury

While the variation in SOC is large across the south-west of WA,
and also within some Ag Soil Zones, it is useful to present summary
statistics (Table 2.4.3). These are estimates based on what is known
about the SOC levels in these areas. The values in any location may
vary considerably from these and our knowledge of this variation is
represented by the standard deviation. The SOC stocks for 0–30 cm are
estimated from the 0–10 cm value multiplied by 1.6, which was derived
from a relationship developed from the SCaRP data.
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Figure 2.4.4 Soil organic carbon stocks (t C/ha) in 0–10 cm. Areas of
low confidence (e.g. subsystems with less than two sites)
are white; grey areas are native vegetation and reserves.
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Table 2.4.3 Summary of soil organic carbon concentration and stocks

Ag Soil Zone
Mid West
Mullewa to Morawa
West Midlands
Central Northern
Wheatbelt
Swan to Scott Coastal
Plain
Darling Range to
South Coast
Zone of Rejuvenated
Drainage
Southern Wheatbelt
Stirlings to
Ravensthorpe
South Coast – Albany
to Esperance
Salmon Gums Mallee

Concentration
Stock
Stock
(%)
(t C/ha)
t C/ha*
mean (SD)
mean (SD)
Interval
Interval
Interval
0–10 cm
0–10 cm 0–30 cm
0.7 (0.2)

10 (3)

16

0.7 (0.2)

12 (1)

18

0.8 (0.2)

12 (3)

19

1.0 (0.4)

13 (4)

21

4.2 (1.7)

56 (15)
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1.9 (1.2)

27 (15)

43

1.4 (1.2)

19 (13)

31

1.2 (0.5)

17 (5)

27

1.8 (0.7)

14 (3)

23

2.3 (1.6)

31 (20)

49

1.2 (0.6)

16 (7)

26

* SOC stocks for 0–30 cm interval calculated by
multiplying 0–10 cm mean value x 1.6

Comment
Low SOC levels associated with high temperature in low rainfall. Lighter textured (sandy) soils are
lower in SOC largely because production constraints (nutrients and pH) limit biomass production.
Low SOC levels associated with high temperature and low rainfall. Very little data.
Low to moderate SOC levels along steep rainfall gradient. Lighter textured (sandy) soils are lower
in SOC and production constraints limit biomass production. Little data in higher rainfall areas.
Low to moderate SOC levels along rainfall and temperature gradients. Little data, particularly in
driest areas.
Moderate to high SOC levels relating to wide rainfall range; high rainfall supports greater biomass
production. Very high levels often associated with irrigated, fertilised pastures. SOC decline is
likely under intensively cultivated and managed horticultural systems. Little data in northern drier
areas.
Moderate SOC levels probably varying along rainfall gradient. Likely decline where cropping is
increasing. Very little data.
Moderate SOC levels probably varying along rainfall gradient. Likely decline where cropping is
increasing and pasture declining. Significant production constraints limiting biomass production
of some soils.
Moderate SOC levels probably declining along west to east rainfall gradient. Little data in driest
areas.
Moderate SOC levels but levels probably varying along rainfall gradient. Dominance of pastures in
high rainfall areas are likely to have highest SOC. Little data.
Moderate to high SOC levels relating to wide rainfall range; high rainfall supports greater biomass
production. Highest rainfall areas tend to have pastures and are likely to have highest SOC.
Generally, areas under perennial pasture and cropping with nutrient additions have higher SOC.
Moderate SOC levels, but probably low in lower rainfall areas. Soils with higher clay content may
support greater storage capacity of SOC, but these soils are in the lower rainfall areas. Subsoil
constraints, where present, will limit SOC gains. Very little data in lower rainfall areas.
Values are for available points in each Ag Soil Zone with no area weighting.
The cells are coloured consistent with the classes in Figures 2.4.3 and 2.4.4.

Notes: SD standard deviation.
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Trend

growth and should support either maintenance or growth of SOC
stocks. Decreasing plant residue losses also increases the potential for
organic matter accumulation in soil.

An attempt was made to compare the SOC in samples from 1999–2005
with those of 2006–11. However, the inconsistent geographic extent of
these samples meant it was not possible to interpret any trend in the
amount of SOC in the south-west of WA from this source.

Biomass removal, burning and erosion are associated with a loss of
organic matter but are considered within the scope of management
to influence. While burning would decrease fresh residues entering
soil, photodegradation (King et al. 2012) and stubble microbial
decomposition can also be significant. Therefore, if most of what is
burnt is destined to be lost through photodegradation, burning might
result in an increase in the amount of resistant (charcoal) carbon where
ash is retained. In this case, while a decrease in total soil SOC may not
be detectable, a loss of function is often associated with the removal
of the labile SOC pool which can contribute to changes in biological
function and nutrient turnover.

There are currently no monitoring sites that would detect trends at even
a local scale. The thousands of data points are highly localised with
little temporal aspect to them and they are not suitable to make any
inferences of trend across the south-west of WA.
Furthermore, were any trends identified, attaching a probable meaning
or cause would be challenging given significant changes in both rainfall
and management have occurred in the last few decades.

Discussion and implications

Wind and water erosion can also result in massive losses and
redistribution of surface plant residues as well as SOC in surface layers
(Photo 2.4.1a, b). Many years of organic matter and SOC accumulations
can be lost in one event. The predominantly loose, sandy topsoil in the
south-west of WA provides little resistance to wind erosion or sheet
water erosion. However, increasing the amount and persistence of
ground cover should decrease the potential for loss through erosion.

The amount SOC is related to the balance between organic matter
inputs (i.e. biomass production) and organic matter losses (i.e. microbial
decomposition rate and erosion). While biomass production and
decomposition are primarily driven by rainfall, soil type and temperature
(Hoyle et al. 2011), they are also influenced by management and
soil constraints. Biomass production influences attainable SOC
levels, within the context of soil type and local moisture conditions.
Management logically contributes to actual levels at individual sites.

Microbial decomposition is related to the temperature and water
status of the soil, as well as the availability of substrates. Regardless
of decomposition rates where organic inputs outweigh organic matter
losses, SOC should increase, albeit slowly.

SOC underpins a number of critical soil functions, such as nutrient
turnover. However, no “desirable” level can currently be set for any
soil-location-management situation as there might be for soil pH in
relation to crop production. In general, the loss of SOC is considered to
have adverse effects on nutrient supply, soil water storage and carbon
storage. Gains in SOC will generally have the reverse effects.

Higher SOC levels are often associated with soils which have inherently
higher clay content. While in theory adding clay could increase
the amount of SOC protected in soil aggregates from microbial
degradation, it is unknown whether added clay acts in the same
manner as clay that is inherently present. Increases in SOC measured
where clay has been added to soils, is more likely a result of increased
plant growth and production associated with agronomic benefits which
the added clay provides.

Increasing SOC requires increased plant growth, increased organic
matter inputs or decreased decomposition of organic matter, or a
combination of these. In principle, better water use efficiency and
agronomic management to improve crop yields provides more plant
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Stubble accumulation from wind erosion (left) and sheet wash removing organic matter (right).

Status and trend
4

The SOC levels (0–10 cm) in the south-west of WA varied a hundred
fold (0.1 to >10%). There is both strong geographic (regional) and
strong local variation in these levels. Much of the cropping areas have
about 1% SOC in the top 10 cm of soil (roughly 15–25 t C/ha SOC in
0–30 cm). The geographic pattern in the south-west of WA is clearly
correlated to rainfall (Figure 2.4.5).

SOC (%)

3

Nevertheless, the wide range of values of SOC within a given rainfall
range is testimony that soil type, local soil water conditions and
management have significant influences on SOC levels. While there is
no strong soil type influences obvious in the present data, wet soils (e.g.
swamps and seasonally waterlogged soils) generally showed higher
SOC than the rest (Griffin and Schoknecht 2002). Such areas would
have a longer growing period (potentially higher biomass production)

2
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200

400
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800

Average annual rainfall (mm)
Figure 2.4.5 Soil organic carbon % (0–10 cm) against average annual
rainfall (2000–11). Curves are the mean (solid line) and
mean within one standard deviation (dashed lines).
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Table 2.4.4 Predicted influence of future climate trends on soil organic
carbon in WA

and potentially lower microbial decomposition under anaerobic
conditions.
This assessment has not considered the different forms of organic
matter or SOC (e.g. particulate, humus or resistant fractions) which
differ in their characteristics, stability and function. There is insufficient
data currently to provide any geographic overview of the relative
amount of different forms of SOC. The amount of charcoal varies widely
between sites which is a legacy of previous land use and clearing for
agriculture.

Higher average growing i) higher water use efficiency
season temperatures
ii) increased opportunities for early
growth

higher (where
< 2°C increase
in average
temperature)

Trends

Higher CO2 levels

higher photosynthetic capacity
and water use efficiency, increased
biomass

higher

Lower growing season
rainfall

i) decreased incidence of waterlogging in medium and high
rainfall regions leading to
increased plant biomass
ii) land use change from pasture to
cropping

higher

Lower rainfall at
seeding

more bare seeding and more
wind erosion losses, later sowing
resulting in lower plant biomass
production

lower

Lower summer rainfall

i) lower biomass in summer to
protect soil from wind erosion
ii) less decomposition

lower

Climate trend
Lower average growing
season rainfall; shorter
growing season

The lack of temporal SOC data for the south-west of WA limits the
ability to determine any current trends in SOC stocks. Previous studies
using measurements to calibrate the RothC model have determined
changes in SOC due to land management (1975–94) and following the
conversion of native vegetation to agriculture (Skjemstad and Spouncer
2003; Griffin et al. 2003). However, there was no consistent trend over
time in the amount of SOC, either measured or modelled for the southwest of WA. Importantly, the year to year and site to site variation was
also high.
Thus, it is inferred that SOC levels in the south-west of WA are highly
variable from site to site which suggests the influence of a number of
factors in controlling SOC.

Influence and impact
lower biomass production

SOC trend
lower

lower

static

Climate trends

Higher summer rainfall

While there are no measured trends in SOC levels over time as yet,
current knowledge allows us to predict possible changes in SOC
associated with a changing climate. The possible influence of changing
climate on driving factors and impact on SOC trends is presented
in Table 2.4.4, with many scenarios associated with a decline in
SOC. While some hypothetical climate change scenarios have been
presented, there are no expectations that these will occur or that they
will occur in isolation.

i) increased decomposition
lower
higher
ii) more summer biomass growth
iii) potential for summer/cover crops higher
and pastures

More severe summer
storms

higher risk of water erosion and
removal of organic matter

lower

Higher summer
temperatures

higher microbial decomposition
(only valid where there is soil
moisture)

lower

* unless summer weeds are sprayed
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Management implications

While the likely trend is noted, it is important to recognise that a
measureable change in SOC may take decades and vary due to both
climate and soil type. In many systems, the rate of SOC build-up is
slow. Implementing these strategies should be considered within both
an economic and sustainability perspective.

Land use (e.g. crop types) and management practices (e.g. types of
cultivation) can influence the amount of SOC (Hoyle et al. 2011). Many
practices have been advocated for increasing soil health, including
the management of farming systems for increased SOC. The possible
impact of common practices on SOC have been generalised in Table
2.4.5.

Despite the limited amount of data available, this assessment
demonstrates that within a rainfall zone of the south-west of WA,
there is a wide range in the amount of SOC in the soils. This range
suggests that biomass production and organic matter decomposition
may differ widely in response to soil type, local moisture conditions
and management. If this variation is an indication of potential, then
the higher the rainfall, the greater the potential SOC levels and SOC
increase.

Table 2.4.5 Predicted influence of management influences on soil organic
carbon in WA
Management practices and trends

Likely SOC trends

Farming systems that result in decreasing biomass lower
production (e.g. low yielding environments)
Farming systems that result in increasing biomass
production

higher

Increased stocking pressure

lower

Increased long-term fallowing (12 months or
more)

lower

To date, research shows regional differences in SOC relating to different
crop and pasture types (Murphy et al. 2013). In principle though,
increasing biomass production by overcoming constraints offers the
greatest potential to increase SOC. It is difficult to compare the relative
merits of options, such as claying, adding lime and nutrients, ripping
and mouldboard ploughing, without more research.

Decreased stocking rates in cropping cycleglower static/higher
organic matter detachmentglower wind erosion
losses
Larger paddocks with less wind and water erosion
mitigationghigher erosion

lower

Adoption of zero tillage redistribution within soil
profile

static/higher, redistributed
in soil profile

Overcoming constraints e.g. water repellence,
soil acidity, low nutrientsgincreased biomass
production

higher

While knowing the amount and rate of change for SOC in the southwest of WA is valued by a range of users, further research on the role
of SOC in supporting soil functions for agricultural production systems
and ecosystems services is required. Providing an evidence base in
relation to questions such as “What does it matter?” and “How will it
benefit us?” will continue to be integral in demonstrating the value of
SOC.

Precision farming and variable rate technologies
where increased plant production is achieved

higher

Recommendations

Introducing perennial pastures and crops

higher

Stubble burning

possibly lower

Applying off-paddock carbon inputs e.g. compost,
straw, biochar

higher, dependent on rate
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•

Promote management actions which boost biomass production
as a strategy for increasing SOC.

•

Promote erosion mitigating actions as a strategy for increasing
SOC and soil health.

•

Determine how soil and water conditions and land use and
management types influence the levels of SOC in the medium
and high rainfall areas as a way of identifying areas of highest
potential for increase in SOC.

Hoyle FC, Baldock, JA & Murphy DV (2011). Soil organic carbon: Role
in Australian farming systems. In: Tow, P., Cooper, I., partridge. I.,
and Birch, C. (eds). Rainfed farming systems. Springer. pp 339–61
(link.springer.com/chapter/10.1007/978-1-4020-9132-2_14 )

•

A method be developed to predict the climate change related
biomass production and consequential trends in SOC in the
south-west of WA.

King, JY, Brandt, LA and Adair, EC (2012). Shedding light on plant
litter decomposition: advances, implications and new directions
in understanding the role of photodegradation Biogeochemistry
111:57–81
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Soil compaction

2.5 Soil compaction
Key messages

Low

1

High

2

Geraldton

Condition and trend

Moderate

3

Soils susceptible to soil compaction and soil pan formation are
widespread throughout the south-west of WA. The extent and
severity of these hazards requires further investigation.

4

Management implications
The average annual opportunity cost of agricultural production
lost by soil compaction in the south-west of WA is estimated at
$333 million.

Perth

Further compaction can be minimised with controlled traffic
farming and the use of gypsum on suitable soils to stabilise
aggregation. Retention or build-up of soil organic matter plays an
important role in maintaining soil structure.

7

5

Compacted subsoils can be ameliorated, usually by deep ripping,
soil inversion ploughing and spading.

Bunbury

Merredin

8

6

10

9

9

Stock movement and grazing on wet soils may need to be
restricted to reduce compaction.

11

10

Esperance
0

Albany

Figure 2.5.1 Resource hazard summary for soil compaction.
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Table 2.5.1 Resource status and trends summary for soil compaction
Ag Soil Zone

Summary

Hazard and trend
Very
High
high

1

Mid West

2

Mullewa to Morawa

3

West Midlands

4

Central Northern
Wheatbelt

Mod

Low

Confidence
Very
In
In
low condition trend

Problem on Eradu sandplain. Soil pans occur on Northampton block in heavy
textured soils.
Soil structure decline on red soils leading to hard pans and compaction.
Some siliceous hardpans have developed.
Compaction is a severe problem on the yellow sandy earths, but less so on
pale sands.
Red soils are prone to crusting and forming hard pans on cropped soils. Some
deep compaction occurs on yellow sandplain soils.

5

Swan Coastal Plain to
No extensive cropping and limited use of heavy machinery. Soils not vulnerable.
Scott Coastal Plain
6 Darling Range to
Forest soils resilient to compaction due to gravel content. Also there is limited
South Coast
cropping in this zone.
7 Zone of Rejuvenated Soils mainly resilient to compaction, but small areas of yellow soils are a
Drainage
problem as cropping becomes more common.
8 Southern Wheatbelt
Grey clays with declining soil structure are prone to collapse
and compaction.
9 Stirlings to
Shallow soils and red soils are becoming a problem due to surface sealing
Ravensthorpe
and hardpan development. Deteriorating trend due to increased cropping.
10 South Coast – Albany Some compaction on shallow duplex soils. Fine grey sands are less prone to
to Esperance
compaction. Heavy machinery used less often.
11 Salmon Gums Mallee Soil structure problems and surface crusting but not
much deep compaction.
Summary hazard grades

Confidence

Recent trends

Very low

Soil hazard generally low and current land use highly unlikely to cause compaction

Low

Soil hazard generally low and current land use unlikely to cause compaction

Moderate

Soil hazard moderate and current land use likely to cause compaction

High

Soil hazard generally high and current land use likely to cause compaction

Very high

Soil hazard generally high and current land use highly likely to cause compaction
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Improving

Unclear

Deteriorating

Variable

Stable

Adequate high-quality evidence
and high level of consensus
Limited evidence or limited
consensus
Evidence and consensus too
low to make an assessment

Overview
Soil compaction is a form of physical
degradation resulting in densification and
distortion of the soil. Biological activity,
porosity and permeability are reduced, soil
strength is increased and soil structure is partly
destroyed. Poor root growth and waterlogging
are common consequences.
Soil compaction can occur at any level in
the soil profile, although it is most commonly
recognised as a dense and hard subsurface
layer, which is less permeable to roots, water
and oxygen than the soil beneath and is a
constraint to crop growth. In agricultural areas,
Subsurface compaction in a cropped Yellow
Controlled traffic farming aims to place all
deeper compaction (to one metre or more)
sandy earth, Wongan Hills.
vehicle
wheels
onto
specific
beds
to
minimise
can be caused by the passage of machinery,
compaction across the paddock. (Photo:
especially heavily loaded wheels and tracks.
Western Australian No-Tillage Farmers
Animals grazing on wet soils can also induce
Association (WANTFA).
shallow crusting and surface compaction. The
risk of soil compaction occurring has been
Although little detail is known about the extent and severity of
increased in recent decades by the development of larger and heavier
compaction and soil structure decline across the south-west of WA,
farm machinery.
the best estimate of the average opportunity cost of lost agricultural
Hard layers in soils may also be the result of cementation (transient
production is $333 million per year (Herbert 2009).
or permanent) of the soil particles by clay coatings, progressive
In most cases these hardpans can be economically remedied and
precipitation of soluble compounds or precipitation of largely insoluble
appropriate agricultural practices, such as controlled traffic farming,
calcium carbonate, silica or iron. These processes are not covered in
can minimise the formation of hardpans.
this chapter.
In most seasons soil compaction results in the loss of grain yield and
quality. Subsurface compaction can occur in most Western Australian
agricultural soils. Some soils have the capacity to resist compaction
or to self-repair following compaction, particularly self-mulching soils.
However, nearly three-quarters of WA’s soils are either affected by, or
highly susceptible to, subsurface compaction.
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Assessment method

Current status and trends

At present, despite the apparent importance of the issue, very little
is known about the severity and extent of soil compaction. The best
available information includes a hazard assessment based on soillandscape factors, and information from farmer surveys.

Since monitoring of soil compaction has essentially been confined to
trial sites, a hazard map has been generated from the soil-landscape
mapping of the south-west of WA using key soil and landscape
attributes. This map shows the proportion of land within each of the
soil-landscape units with a high compaction hazard (Figure 2.5.2).

Hazard from soil-landscape mapping
Spatial extent of compaction was derived from the soils and their
properties described during DAFWA’s soil-landscape mapping of the
south-west of WA. All soils within map units were assigned a hazard
rating of not applicable, low, moderate or high.

Soil compaction hazard
Very Low
Low
Moderate
High
Very High

1
2

Geraldton

The hazard assessment is based on a combination of particle size
distribution and presence or absence of soil structure and organic
matter. Soils with a wide range of particle sizes, low organic matter and
limited or no soil structure are particularly susceptible to compaction.
Soil moisture, although an important factor in the development of this
hazard, is not included in the assessment. However, the impact of soil
moisture is covered in the discussion and implications section.

3
4

The methodology for assessing the compaction hazard using soillandscape mapping is described in van Gool et al. (2005). This
assessment predicts soil compaction hazard, but it is not based on
actual measurements. An independent survey of subsoil constraints to
plant growth in the higher rainfall cropping areas (Evans et al. 2007) did
not often encounter soil compaction on soils predicted by the above
methodology. This difference may be because many areas have been
cropped only recently (and hence compaction had not developed) and
the use of smaller machinery.

Perth

Bunbury

Merredin

7

5

8

6

10

Albany

Farmer surveys provide land managers’ perspectives on current
condition and trend from observations on their properties.

10

9

9

Observations from farmer surveys

11

Esperance

0

100

200

300

Kilometres

Figure 2.5.2 Soil compaction hazard. The classes represent the
proportion of the soil-landscape map units with high soil
compaction hazard.
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Discussion and implications

Areas with mostly moderate hazard (e.g. the Esperance sandplain –
DAFWA 2009) are not well represented in this map but are recognised in
the summary map (Figure 2.5.1).

A number of processes lead to the formation and maintenance of hard
layers in soil (Needham et al. 1998). Compaction is the main focus of
this chapter, but it is just one process of hard layer formation in a soil.

Farmer surveys
Farmer surveys in several areas of the south-west of WA indicate
that the issue of soil compaction is widespread but growers consider
it a lesser constraint to production than other soil issues, such as
acidity, water repellence and soil water holding capacity. There was no
indication of any trend in the severity of compaction.

Some key principles
The key factors leading to compaction, as with many other themes, is
the combination of land characteristics, climate and land management.

Land characteristics and climate

A survey of 26 farmers of the Northern Agricultural Region in 2011
indicated compaction was the fourth-ranked issue (17%) behind water
repellence, soil water holding capacity and acidity. A survey of 23
farmers in the Calingiri area in 2011 also indicated soil compaction was
the fourth-ranked issue (14%).

The susceptibility of soils to compaction is related to soil texture. Soils
that are sandy with very little clay and narrowly graded (a fairly uniform
particle size) have a low susceptibility to compaction. Similarly, soils
high in clay (uncommon in the south-west of WA) and soils high in
gravel also have a low susceptibility to compaction. Conversely, soils
with a mixture of particle sizes, such as sandy clay loams, are more
likely to compact. In all soils, higher levels of organic matter and/or
good structural development may reduce the risk of compaction.

A survey of 30 farmers in the Hills/Darkan area in 2011 indicated
compaction as a low constraint to production (6%), reflecting the
tolerance of forest soils (gravelly) to traffic-related compaction.
A survey of 28 farmers in the West Midlands in 2010 indicated
compaction as a minor constraint to production, well behind key
issues, such as water repellence, soil water holding capacity and soil
acidity. These results are not surprising given that sandy surfaced soils
of low clay content dominate this area and are generally at low risk of
compaction.

Moist soils are more likely to compact than those that are dry. Soils
with a high inherent hazard of compaction that are trafficked by heavy
machinery when moist are at greatest risk of subsurface compaction.
Moreover, grazing animals on wet soils can cause both soil structure
decline and surface compaction (Proffitt et al. 1993).

Land management
The most important land management factor affecting compaction
is total load. Heavy machinery used on susceptible soils will cause
compaction. The effect of traffic frequency on compaction depends
on the initial condition of the soil. If it is initially loose (e.g. deep-ripped
soil or newly cleared land), then most compaction will occur in the first
pass. On a soil which is consolidated, but not compacted, compaction
will increase with each pass; however, on WA’s sandy topsoils, most
compaction occurs in the first four passes of machinery. Even with
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zero-tillage, more than 30% of the ground can be affected by normal
vehicle traffic during a season of crop production (Tullberg 1990). With
multiple passes, this can rapidly increase to 100% of the ground being
covered by soil compaction (Soane et al. 1982).
Stock trampling is also a significant cause of compaction, especially in
the surface horizon of finer textured soils, but this compaction is usually
confined to the top 15 cm of the profile. Compaction caused by heavy
machinery occurs to a much greater depth, and is much harder to treat.

General comments
There is a paucity of data on the actual occurrence of compaction in
the south-west of WA. Most research has concentrated on remedial
processes and costs to farmers (Blackwell et al. 2013; Hamilton et al.
2005; Needham et al. 1998) with little emphasis on the extent of the
problem.

Implications for grain industries
Soil compaction constrains the yield potential of susceptible soils.
With heavier machinery being employed to maximise the efficiency
of seeding, spraying and harvesting, there is a growing trend
towards increased compaction. Remedial steps include reduced
vehicle pressure on the soil, reduced vehicular traffic over the
surface, restricting traffic to permanent positions (controlled traffic)
in cropped paddocks and use of remedial soil treatments, such as
soil inversion, spading (mixing top soil and subsoil) and deep ripping.
These treatments must be protected from subsequent compaction by
machinery if the full benefits of intervention are to be realised (Blackwell
et al. 2013).

Controlled traffic farming improves productivity by limiting compaction
to wheel tracks. This photograph, taken in June 2013 at Wittenoom
Hills, north-east of Esperance, demonstrates compaction contributing
to waterlogging and reduced productivity in wheel tracks (yellow stripes)
compared to the higher productivity inter-track spaces.

Implications for livestock industries
Soil compaction by animals can affect pasture growth directly (Proffitt
et al. 1993) and therefore animal production from those pastures.
Subsequent crop growth is indirectly affected by compaction following
grazing due to restricted water infiltration and root growth.
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Implications for intensive agriculture industries

Recommendations

Soil compaction can be a problem in vineyards. Machinery traffic
between vines can affect root growth and possibly grape production.
Ripping may also be detrimental to root growth, so other remedial
techniques may be required. However, vineyards are not generally
located on susceptible soils and irrigation and high fertiliser use can
alleviate some of the adverse effects of soil compaction.

•

Collect more baseline data to fully assess the extent and severity
of soil compaction, to enable better informed decisions about the
level of investment needed to ameliorate the constraint.

•

Support the development and implementation of land
management practices (e.g. controlled traffic, increased soil
organic carbon levels) that minimise the impact of compaction on
agricultural production.
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Water repellence

2.6 Water repellence
Key messages

Good

1

Fair

2

Geraldton

Poor
Very poor

Condition and trend

3

Water repellence is a widespread problem on soils with low
clay contents or high organic matter levels in the topsoil, in the
medium to high rainfall zones.
The extent and severity of water repellence appears to be
increasing as cropping increases together with early sowing,
minimum tillage and reduced break of season rainfall. More
baseline data is needed to carry out a quantitative assessment.

4
Perth

Management implications
The average annual opportunity cost of lost agricultural
production in the south-west of WA from water repellence is
estimated at $251 million
Water repellence also increases the risk of wind and water
erosion, off-site nutrient transport and possibly soil acidification
through increased nitrate leaching.

8

6

11

10

9

9

Increased area of cropping on soils in medium to high rainfall
zones has increased the economic impact of water repellence, as
these soils would previously have been in permanent pastures.
Early and dry sown crops are more affected by water repellence
than later sown crops. Amelioration of water repellence is
therefore more important for early sown crops.

7

5
Bunbury
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Figure 2.6.1 Resource condition summary for water repellence.

Farming systems that increase soil carbon levels in the topsoil,
such as stubble retention and no-till farming, are contributing to
the increase in water repellence.
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Table 2.6.1 Resource status and trends summary for water repellence
Ag Soil Zone

Summary

Condition and trend
Very
Poor
poor

1

Mid West

2

Mullewa to Morawa

3

West Midlands

4

Central Northern
Wheatbelt

Confidence
Very
In
In
Fair Good
good condition trend

The northern part of this zone has problems with water repellence on the pale
and yellow sandplain soils.
The soils of this low rainfall zone generally have no problems with water
repellence. Inversion ploughing may be improving the situation.
This zone is very susceptible to water repellence due to a high proportion of
leached sands and sands over clay or gravel.
The majority of soils that have higher clay contents are not vulnerable, although
some areas of sandplain are very susceptible to water repellence.

5

Swan to Scott Coastal Most of the aeolian (wind deposited) sandy areas are severely water repellent.
Plains
No problems where alluvial soils occur.
6 Darling Range to
Forest soils now in crop (previously pastures) have severe water repellence
South Coast
problems.
7 Zone of Rejuvenated The higher rainfall western portion of the zone has water repellence in sandy
Drainage
gravelly areas.
8 Southern Wheatbelt
Majority of low rainfall areas have no problems. There are some problems on
grey sands in the south of the zone.
9 Stirlings to
Similar to South Coast, but the shallow nature of sandy topsoils allows water
Ravensthorpe
to stay in the root zone.
10 South Coast – Albany Large areas of grey sands (deep and duplex) present water repellence
to Esperance
problems when cropped. Perennial pastures overcome these constraints.
11 Salmon Gums Mallee The heavier and often calcareous soils have no problems, but sandy surfaced
soils may have water repellence problems.

Condition
grades

Confidence

Recent trends

Very good Water repellence uncommon/absent
Good

Water repellence of minor abundence

Improving

Unclear

Fair

Water repellence of low abundence

Deteriorating

Variable

Poor

Water repellence common

Stable

Very poor Water repellence widespread
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Adequate high-quality evidence
and high level of consensus
Limited evidence or limited
consensus
Evidence and consensus too
low to make an assessment

Overview

Water repellence generally only affects the organic-rich surface layer
as the soil below the surface usually has less hydrophobic compounds
and consequently wets up more readily.

Soil water repellence is the resistance of soils to wetting, sometimes to
the extent that they remain dry even after significant rainfall events or
irrigation.

The consequences of water repellence are:

Most water repellent soils have clay contents of less than 1%. Soils
with higher clay content (even yellow sandplain soils with as little as
3–4% clay) are generally not water repellent. Most soils with greater
than 5% clay do not express water repellence unless excessive organic
matter is present e.g. dry peat and mallet hill soils. Clay particles,
which are less than 2 µm in size, have a large wettable surface area,
compared to sand particles. They can coat the sand and organic
matter, enabling wetting to occur.

•
•
•

The increase in farming systems that improve soil carbon levels in the
topsoil, such as stubble retention and no-till farming, may contribute to
the increase in water repellence. Recent studies, however, show that

Soil water repellence is caused by the presence of organic hydrophobic
coatings on soil particles. These coatings are commonly waxes,
alkanes (paraffins) and long chain fatty acids that are left behind
following the microbial breakdown of plant material. Soil organic matter
may also be highly water repellent.
poor crop and pasture establishment
increased risk of wind and water erosion
poor water and nutrient use.

Patchy crop establishment as a result of water repellent sandy topsoils
and the use of knife point no-till systems.

Water droplet on water repellent sand.
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these systems do not necessarily reduce yields, and undisturbed root
channels from previous crops may still allow good water infiltration to
the root zone (Roper et al. 2013).

resulting in reduced production is estimated at $251 million per year
(Herbert 2009).
While limited data are available for assessing current condition and
tracking trends in water repellence, there are a several sources of
evidence to determine if the extent of the hazard shown by the hazard
map is realised in practice.

Water repellence is a significant land management issue in the southwest of WA, affecting more than three million hectares of sandy soils in
the high and medium rainfall zones.

Assessment method

Water repellence hazard

Assessment was conducted in three ways:

Very High
High
Moderate
Low
Very Low

1

Hazard from soil-landscape mapping

2

Geraldton

Spatial extent of water repellence was derived from the soils and their
properties described in DAFWA’s soil-landscape mapping of the southwest of WA.

3

Assessing water repellence hazard using the soil-landscape mapping
is described in van Gool et al. (2005). The resultant hazard map is a
prediction of the likelihood of water repellence occurring and is not
based on actual measurements.

4
Perth

Soil testing
A very limited data set of laboratory soils testing has been used to
validate the accuracy of the hazard map.

Bunbury

Condition and trend determined from farmer surveys

Merredin

7

5

8

6

10

Albany

Current condition and trend
Nearly 3.3 million hectares of agricultural soils across the south-west of
WA are at high risk of water repellence and a further 6.8 million hectares
are at moderate risk (Figure 2.6.2). The cost of water repellence

10

9

9

In addition, farmer surveys provide land managers perspectives on
current condition and trend from observations on their own properties.

11
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Figure 2.6.2 Water repellence hazard. The classes represent the
proportions of the soil-landscape map units with high water
repellence hazard.
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Soil testing
The degree of repellence is assessed by the molarity of ethanol droplet
(MED) test, which determines the concentration of an ethanol solution
required to penetrate the soil surface in 10 seconds. Ethanol solution
decreases the surface tension of water droplets as the concentration
increases, which allows water easier entry into soils of increasing
water repellence. This analysis is done under controlled temperature
conditions (20–25 oC) in a laboratory. An abbreviated form of this
method is carried out in the field.

Water repellence
(field measurement)

1

Strongly repellent

2

Geraldton

Repellent
Not repellent

3

There are a limited number of actual measurements of soil water
repellence across the south-west of WA. Available data are presented
below.

4
Perth

Analysis of data from field tests
The surface of 8800 sites from the DAFWA regional soils survey
program were field tested for water repellence using the criteria in
Table 2.6.2. The results indicate that water repellence is widespread
throughout the south-west of WA (Figure 2.6.3). An analysis of these
data with soil type (WA Soil Groups) demonstrates a strong correlation
between water repellence and sand content in the topsoil (Table 2.6.3).

Bunbury

7

5

Description

8

6

10

Albany

Test

N

Non-water repellent

Water is absorbed into soil in 10 seconds or
less

R

Water repellent

Water takes more than 10 seconds to absorb
into soil and the 2-molar ethanol solution is
absorbed in 10 seconds

S

Strongly repellent

2-molar ethanol takes more than 10 seconds to
absorb into soil

11

10

9

9

Table 2.6.2 Field test rating criteria for water repellence
Rating
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Figure 2.6.3 Water repellence of sites measured in the field with the
abbreviated MED test.

Table 2.6.3 Relationship between WA Soil Groups and water repellence
Soil type
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Proportion of soils that are water
repellent

WA Soil groups with a sandy surface

67%

WA Soil groups with a non-sandy surface

36%

Analysis of data from laboratory tests
The degree of water repellence is determined using the laboratory MED
test (King 1981; Carter 2002). MED categories are shown in Table 2.6.4.
Limited unpublished data from 1863 topsoil samples from the soil quality
and DAFF soil carbon program (Daniel Murphy, UWA and Frances Hoyle,
DAFWA) and DAFWA (Derk Bakker, David Hall and Paul Blackwell) are
displayed the Figure 2.6.4.
The laboratory results, although less conclusive, indicate that water
repellence is widespread except in the eastern and northern areas of the
wheatbelt and the Salmon Gums Mallee zone, and most severe on coastal
sandy soils (Figure 2.6.4). Summers (1987) estimated that 1–1.3 million
hectares of the South Coast – Albany to Esperance zone were moderately
to severely affected by soil water repellence. This was determined from
soil samples collected at one kilometre intervals in transects from the
coast to about 50 km inland, perpendicular to the coast.
Table 2.6.4 Categories of water repellence using the MED test
Category
Very severe
Severe
Moderate
Low
Nil

>3.5
2.3–3.5
1.1–2.3
0.1–1.1
0

3

4
Perth
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Figure 2.6.4 Water repellence for topsoil samples measured in the
laboratory with the MED test. Source: Soil quality and DAFF
soil carbon program (Daniel Murphy, UWA and Frances
Hoyle, DAFWA), Derk Bakker (DAFWA), David Hall (DAFWA)
and Paul Blackwell (DAFWA).

Table 2.6.5 Relationship between topsoil clay percentage and water
repellence

Clay <9%
Clay ≥9%

2

Geraldton

Bunbury

Molarity of ethanol

An analysis of all the data, where the clay percentage of the sample is
known, demonstrates that the less clay in the sample the higher the
repellence (Table 2.6.5)

Topsoil clay %

1

Water repellence (laboratory measurement)
Very severe
Severe
Moderate
Low
Nil

Proportion of samples in moderate, severe or very severe
MED categories
42%
23%
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Farmer surveys

77% of these farmers reported that the area of water repellent soils
was fairly stable. The majority (65%) also indicated that the severity of
water repellence was stable, but a significant number (30%) said that
severity was increasing.

Farmer surveys in several areas of the south-west of WA indicate that
water repellence is widespread, increasing, and significantly affects
agricultural production (Davies et al. 2013).

A survey of 30 farmers in the Darkan area in 2011 indicated water
repellence as their top constraint to production (27%) ahead of acidity,
soil water holding capacity and numerous other constraints (Davies et
al. 2013). The majority also indicated that the area and severity was
increasing (52% and 50% respectively).

A survey of 28 farmers in the West Midlands in 2010 indicated water
repellence as their top constraint to production (46%) ahead of soil
water holding capacity and soil acidity. About 85% of these farmers
indicated that the water repellent soils on their property were increasing
in both area and severity. These results are not surprising given that
sandy surfaced soils of low clay content dominate this area and the
move to minimum tillage leaves more organic residues in the soil.

A survey of 23 farmers in the Calingiri area in 2011 indicated water
repellence as their top constraint to production (21%) ahead of acidity,
soil water holding capacity and compaction.

A survey of 26 farmers of the Northern Agricultural area in 2011
indicated water repellence as their top constraint to production (28%)
ahead of acidity, soil water holding capacity and compaction. About

Growers’ perceptions of trend in area and severity of water repellence
in three areas are graphically represented in Figure 2.6.5

Area ofArea
repellence
of repellence

Severity
Severity
of repellence
of repellence

Figure 2.6.5 Perceptions of growers from the Northern Agri Group (NAG), West Midlands Group (WMG) and Darkan Farm Management Advisory
Service (DFMAS) about the area and severity of soil water repellence. (Source: Davies et al. 2013)
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Discussion and implications
Although water repellence is a widespread issue affecting agricultural
production, the exact severity, extent and overall cost to production is
unknown. Yield increases of 100% have been recorded in some trials
where the water repellence has been ameliorated, with improvements in
soil organic matter and greater nutrient uptake efficiencies (Carter et al.
1998).
Water repellence is mostly an issue facing the grains industries, where
annual germination and crop establishment are affected by the nonwetting soils. Glencross (1984) commented on 100–150% increases
in annual pasture production where water repellence had been
ameliorated by soil wetting agents, indicating there are also benefits
for the livestock industries from managing water repellence. Permanent
pastures, perennial pastures and irrigated crops are less affected.
Potato tubers inside mounds of non-wetting soils on the Scott River
plain were difficult to wet.
A range of management options for cropping are available to overcome
this issue, as a result of new techniques developed over recent years.
The options can be divided into two categories:
•

mitigation or short-term strategies that assist crop establishment
but need to be repeated each year

•

amelioration or more expensive long-term options which are done
once but have a more sustained impact.

Mitigation options include improved furrow sowing (Blackwell et al.
1994), the use of banded wetting agents, incorporating a blanket
wetting agent or water absorber, and full stubble retention with low
disturbance seeding (Roper et al. 2013). Precision sowing into the
previous year’s seeding slot is being tested as it has been shown that
rainfall appears to prefer these old channels.
Amelioration encompasses rotary spading, soil inversion through the
use of a mouldboard plough and clay spreading or delving.

Lenses of topsoil buried to about 40 cm using a mouldboard plough on a
Yellow deep sand at Badgingarra.
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2.7 Dryland salinity
Key messages
Condition and trend
More than one million hectares of agricultural land in the south-west of WA is severely salt-affected.
Dryland salinity has expanded throughout most of the south-west of WA since 1998, especially following
episodic rainfall events, such as occurred in 1999, 2000, 2005, 2006 and 2007.
In areas cleared and developed for agriculture after 1960, most watertables continue to rise, despite a decline in
annual rainfall.
As these areas approach a ‘new’ hydrological equilibrium, climate impacts will become the dominant controller
of groundwater level trends and the extent of dryland salinity.
Hydrological equilibrium and the potential extent of dryland salinity may take many decades to develop,
especially in drier areas.

Management implications
The implications of dryland salinity to the agricultural industry are widespread and include reductions in crop
yield, area of arable land and land capability.
The opportunity cost of lost agricultural production is at least $344 million per year. Salinity also physically and
financially impacts rural infrastructure, public and private water resources and biodiversity, with costs exceeding
those to agriculture.
Dryland salinity is a major cause of land degradation and remains a potential threat to 2.8–4.5 million hectares
of highly productive, low-lying or valley soils, across the south-west of WA.
Management to contain or adapt to salinity is technically feasible using plant-based and engineering options,
though recovery is economically viable in only a few areas.
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2.7.1 Resource risk summary for risk of expansion of dryland salinity within hydrozones.
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Table 2.7.1 Resource status and trends summary for dryland salinity
Hydrozone

Summary

1

Kalbarri Sandplain

2

Northampton Block

3

East Binnu Sandplain

Extent of salinity very minor. Salinity could develop in the medium term. Variable
trends in groundwater levels.
Extent of salinity minor and unlikely to expand. Mostly rising groundwater trends
as levels recover from drought.
Extent of salinity minor but will almost certainly develop in the medium term
because groundwater trends are mostly rising.

4

Irwin Terrace

Extent of salinity moderate, no imminent threat of expansion. Variable trends in
groundwater levels.

5

Arrowsmith

Extent of salinity minor. Salinity could develop in medium term. Variable trends in
groundwater levels.

6

Dandaragan Plateau

Extent of salinity minor but actively spreading with mostly rising trends in
groundwater levels. Large area of high quality agricultural land at risk.

7

Northern Zone of
Ancient Drainage

Salinity is extensive and continues to expand, but more slowly than prior to 2000.
Variable trends in groundwater levels.

8

Northern Zone of
Extent of salinity moderate and likely to expand but at slower rates than prior to
Rejuvenated Drainage 2000. Variable trends in groundwater levels.
Southern Cross
Extent of salinity moderate with a low risk of expansion because trends in
groundwater levels are mostly falling.
South-eastern Zone of Salinity is extensive and will continue to expand, albeit at a slower rate. Variable
Ancient Drainage
trends in groundwater levels, but water levels in upland bores are still rising.
South-western Zone
Salinity is extensive and likely to expand because groundwater levels are mostly
of Ancient Drainage
rising.
Southern Zone of
Salinity is extensive. Groundwater levels are mostly stable. The risk is moderating
Rejuvenated Drainage as catchments approach equilibrium.
Eastern Darling
Extent of salinity moderate, area of future expansion minor. Trends in
Range
groundwater levels are mostly stable.
Western Darling
Extent of salinity minor, with low risk of expansion because groundwater levels
Range
are mostly falling. Zone mostly forested.
Coastal Plain
Extent of salinity very minor; future development possible in the north, but with
low impact. Mostly stable trends in groundwater levels.

9
10
11
12
13
14
15

Risk and groundwater trends
Confidence
Very
In
In
Very
High Mod Low
low condition trend
high
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Table 2.7.1 Resource status and trends summary for dryland salinity (cont.)
Hydrozone

Summary

16 Donnybrook–Leeuwin

Extent of salinity very minor and future development is unlikely because the zone
is at hydrological equilibrium.
Extent of salinity very minor. Future development is unlikely because the zone is
at hydrological equilibrium.

17 Scott Coastal Plain

Risk and groundwater trends
Confidence
Very
In
In
Very
High Mod Low
low condition trend
high

18 Warren–Denmark

Extent of salinity minor with variable trends in groundwater levels. Salinity risk is
moderate and extent will depend on future land use.

19 Albany Sandplain

Extent of salinity minor. Groundwater levels are currently deep with variable
trends.

20 Stirling Range

Salinity is extensive and groundwater trends are variable and equilibrium will be
reached in the short term.

21 Pallinup

Extent of salinity moderate; expansion is likely but extent restricted. Variable
trends in groundwater levels.

22 Jerramungup Plain

Extent of salinity moderate, expanding slowly and likely to continue. Mostly rising
trends in groundwater levels.

23 Ravensthorpe

Extent of salinity minor; expansion is likely but extent restricted. Mostly rising
trends in groundwater levels.

24 Esperance Sandplain

Extent of salinity moderate but will almost certainly continue to expand because
groundwater levels are mostly rising.

25 Salmon Gums Mallee

Extent of salinity moderate; expansion is possible because groundwater levels are
mostly rising.

Salinity risk grades
Very low
Low
Moderate
High
Very high

Salinity risk grades matrix
Likelihood

Insignificant
Almost certain Moderate
Likely
Low
Possible
Low
Unlikely
Very Low
Rare
Very Low

Consequence
Minor
Moderate
Moderate
High
Moderate
Moderate
Low
Moderate
Low
Low
Very Low
Low

Recent trends
Improving
Major
High
High
Moderate
Moderate
Low
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Catastrophic
Very High
High
High
Moderate
Moderate

Deteriorating
Stable
Unclear
Variable

Confidence
Adequate high-quality
evidence and high level
of consensus
Limited evidence or
limited consensus
Evidence and consensus
too low to make an
assessment

Overview
Dryland salinity refers to all soils in non-irrigated areas that have
become saline since being cleared for agriculture.
There are three basic requirements for dryland salinity to develop: a
store of salt, a supply of water and a mechanism to bring both of these
into contact with the ground surface (Williamson 1998). Clearing for
agriculture over the last one hundred years and the replacement of
perennial, deep-rooted native vegetation with the shallower rooted
annual crops and pastures has increased groundwater recharge.
This recharge results in rising watertables, bringing naturally stored
salts from depth to the surface. Dryland salinity occurs when the
concentration of soluble salts near the soil surface is sufficient to
reduce plant growth.
In WA, dryland salinity is caused by an altered water balance,
which, at some time after clearing (decades to centuries) will reach
a new equilibrium and the area of land affected by salinity will
cease to expand. Although the extent of salinity changes naturally
over geological scales (George et al. 2008a), the process has been
accelerated and enlarged by widespread clearing and land use change.
Dryland salinity is a form of land degradation currently affecting both
agricultural and public land in the south-west of WA. It also impacts
on water resources and natural biodiversity, and can cause damage to
buildings, roads and other infrastructure.
More than two million hectares of broadacre farmland in Australia is
estimated to be currently affected by dryland salinity (Australian Bureau
of Statistics 2002), with more than half occurring in WA. The impact
of dryland salinity on agricultural crops is variable due to differences
in crop tolerance to salinity. Groundwater monitoring and modelling,
coupled with regular assessments in salinity extent and risk, are
required to assist in determining the various impacts and appropriate
management responses.

Dryland salinity adversely affecting a cereal crop in the North Stirlings.
(Photo: Greg Lawrence, Future Farm Industries CRC).
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Assessment method

proportion of each hydrozone mapped as salt-affected by the Land
Monitor Project in the late 1990s was analysed to assist in determining
the impacts of dryland salinity.

Spatial units
Hydrozones were chosen as the spatial unit to assign ratings for
dryland salinity condition and trend. Hydrozones are areas of similar
climate, geology, hydrology, soils and landscapes. They are based on
soil-landscape zone mapping units (Schoknecht et al. 2004) and reflect
state-scaled regions with similar farming system attributes (George
et al. 2005). Some soil-landscape zones with similar hydrological
characteristics were aggregated.

Risk matrix and analysis
Dryland salinity risk was determined using an adaptation of the risk
matrix (Table 2.7.2) developed by Spies and Woodgate (2005), which
was based on the Australian and New Zealand Risk Management
Standard AS/NZS 4360:2004 (now revised to AS/NSZ 31000:2009).
Table 2.7.2 Salinity risk matrix

Condition in the 1990s

Consequence
Likelihood

Satellite mapping techniques are the most efficient means to assess
and map large areas of salt-affected land (Spies and Woodgate 2005).
The Land Monitor Project (McFarlane et al. 2004) used satellite imagery,
with high resolution topographic data, to map areas of severely
salt-affected land based on areas of consistently low productivity in
consecutive spring satellite (Landsat TM) scenes.
The project mapped severely salt-affected land over most of the
dryland agricultural area of WA for two time periods: typically within
1988–92 and 1996–2000. The process could detect persistent,
‘severely’ salt-affected areas with low density vegetative cover that
had been degraded, but could not detect salt-affected areas that had
a dense vegetative cover in spring (e.g. areas of dense barley grass or
rehabilitated saltland). Hence, it underestimates salinity in high rainfall
areas because much of the saline land carries permanent cover. It
may also overestimate salinity in drier areas where consistently low
productivity occurs for reasons other than salinity (Furby et al. 2010).

Insignificant

Minor

Moderate

Major

Catastrophic

Almost
certain

moderate

moderate

high

high

very high

Likely

low

moderate

moderate

high

high

Possible

low

low

moderate

moderate

high

Unlikely

very low

low

low

moderate

moderate

Rare

very low

very low

low

low

moderate

Source: adapted from Spies and Woodgate (2005).

Though it is now over 15 years old, the Land Monitor data is the most
comprehensive, high resolution mapping of the extent of salinity
currently available for the south-west of WA (Caccetta et al. 2010). The
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The risk analysis was carried out by determining the likelihood and
consequence of dryland salinity expansion in each hydrozone (Figure
2.7.2). The risk of dryland salinity across each hydrozone is aggregated
and includes areas of both low and high risk.

The ‘likelihood’ is the probability that salinity will have a defined impact
within the specified time period. The specified time period used in this
analysis – the ‘timing of salinity’ – is the time required for hydrological
equilibrium to be reached and all of the potential dryland salinity to be

Figure 2.7.2 The process for determining salinity risk and timing.
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realised. To determine the likelihood of salinity expanding and when,
trends in groundwater levels, climate and land management in each
hydrozone were assessed (Figure 2.7.2). The likelihood categories and
definitions used were those suggested by Spies and Woodgate (2005)
and are listed in Table 2.7.3

Table 2.7.4 Consequence categories and definitions
Consequence

Table 2.7.3 Likelihood categories and definitions
Likelihood
Rare:

May occur only in exceptional circumstances

Unlikely:

May occur at sometime, but unlikely

Possible:

Might possibly occur at some time

Likely:

Will probably occur in most circumstances

Almost certain:

Is expected to occur in most circumstances

Insignificant:

Low socio economic loss, negligible impact, no
measurable cost

Minor:

Small socio economic loss, little impact, low cost

Moderate:

Higher socio economic loss, some impact, high cost

Major:

Major socio economic loss, extensive impact, major cost

Catastrophic:

Enormous socio economic loss, widespread, severe
impact, massive cost

The ratings for likelihood and consequence of dryland salinity in each
hydrozone were analysed separately and then intersected to determine
the salinity risk according to the matrix in Table 2.7.2. The salinity risk
ratings for each hydrozone are presented in Table 2.7.7 and graphically
in Table 2.7.1, Figure 2.7.1 and Figure 2.7.8.

Source: Spies and Woodgate (2005).
Consequences can be considered by evaluating costs according to
triple bottom line accounting standards (i.e. economic, environmental
and social). These are often grouped as socio-economic impacts (Spies
and Woodgate 2005). The biophysical and socio-economic aspects
considered in this analysis were: the salinity hazard location and extent,
the productive value of the agricultural land within the hazard area, and
potential off-site impacts on rural infrastructure, water resources and
biodiversity (Figure 2.7.2). This methodology acknowledges that there
are many uncertainties that are difficult to reduce due to the extended
time frames involved (Pannell 2001) and also variability within the
hydrozone not captured by this scale of mapping. The categories and
definitions of consequence are listed in Table 2.7.4.

Hazard
The Land Monitor Project used a digital elevation model (DEM) to
predict the extent of salinity hazard by applying a combination of
decision tree classifications and DEM processing (Caccetta et al. 2010).
The salinity hazard mapped by this process is referred to as the valley
hazard (George et al. 2005) and contains four elevation classes (0.0–
0.5, 0.5–1.0, 1.0–1.5 and 1.5–2.0 m). The hazard area encompasses
all areas that have a potential to develop shallow watertables, but
some may not develop salinity due to a number of mitigating factors
(McFarlane et al. 2004). The mapped hazard area is best thought of as
an envelope, within which the majority of future shallow watertables
and/or salinity is most likely to develop, depending on soils, climate and
land use.
The valley hazard areas within the hydrozones were one of three factors
used to determine the consequence of dryland salinity expanding in the
salinity risk assessment process (Figure 2.7.2).
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Groundwater trends

Time series analyses of groundwater levels in 1500 bores were
undertaken for the time period 2007–12. This time period was selected
as it built upon previous analyses by DAFWA presented at the Second
International Salinity Forum (George et al. 2008b). Bores qualified for
inclusion in the analyses if they were remote from any likely effects
of salinity management treatments (drains, trees, perennial pastures)
and met a minimum standard (Raper et al. 2013). Where possible,
lines of best fit were derived for the period of record for all of the data;
however, if there was any uncertainty, such as significant seasonal
variability, trends were derived from the summer minima (Raper et
al. 2013). Groundwater level trends within each hydrozone were
determined and then categorised according to the dominant trend. The
trend categories are illustrated in Figure 2.7.3 and Table 2.7.5 and the
results are graphically presented in Figure 2.7.6.

Groundwater trend analysis is considered one of the most efficient tools
for predicting the extent of future dryland salinity (Coram et al. 2001)
and was used in conjunction with recent climate and land use trends to
determine the likelihood of dryland salinity expanding and the timing of
the predicted expansion.

Table 2.7.5 Categories of groundwater trend
Category

Figure 2.7.3 Categories of dominant groundwater trend.
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Definition
Summary

Full

F

Mostly falling Groundwater levels in a majority of the bores
(> 50%) in hydrozone are falling. Trend in
remaining bores could be stable or rising.

S

Mostly stable Groundwater levels in a majority of the bores
(> 50%) in hydrozone are stable. Trend in
remaining bores could be falling or rising.

R

Mostly rising Groundwater levels in a majority of the bores
(> 50%) in hydrozone are rising. Trend in
remaining bores could be stable or falling.

V

Variable trend Groundwater levels in the hydrozone show
variable trends. Bores within hydrozone have
roughly equal numbers of falling, rising and
stable groundwater levels.

The trends in groundwater levels in monitoring bores within Dandaragan
Plateau Hydrozone [6] are illustrated in Figure 2.7.4 as an example of
how the dominant groundwater level trends were categorised. In this
hydrozone, 77% of the monitoring bores showed rising groundwater

trends, 15% showed falling trends and 8% had stable trends between
2007 and 2012. The hydrozone was categorised as having ‘mostly
rising’ trends in groundwater levels (Figure 2.7.4).

Timing of salinity
Terminology and categories for timing of salinity were adapted from
the Salinity Investment Framework (SIF) Phase 1 assessment of salinity
impacts on agricultural land and rural infrastructure (George et al.
2005). The SIF categories were simplified and amalgamated into three
categories: short, medium and long term (Table 2.7.6). Each hydrozone
was assigned a timing of salinity category, which indicates how long it
is expected to take the groundwater system to come to equilibrium and
the area of salinity to stabilise.
Table 2.7.6 Timing of salinity terminology and categories
Time until potential salinity develops fully
SIF Phase 1 terminology

Simplified terminology used in this report

Imminent

<10 years

Short term

10–20 years

Short–medium
term

20–30 years

Medium term

30–75 years

Long term
Not applicable

Short term

<20 years

Medium term

20–75 years

>75 years

Long term

>75 years

NA

Not applicable

NA

Source: adapted from George et al. (2005).

Figure 2.7.4 Example of categorising groundwater level trend. In the Dandaragan
Plateau Hydrozone, 5% of bores had falling groundwater levels, 7%
had rising groundwater levels and 8% had stable groundwater levels,
leading to an overall trend rating of R – mostly rising.
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Current status and trends
Condition from Land Monitor analysis
The area mapped as severely affected by dryland salinity, using Landsat
TM was about 1.1 million hectares in 1998 and the annual rate of
increase between 1988 and 1998 was about 14 000 ha (Furby et al.
2010). This area equates to just over 5% of agricultural land (McFarlane
et al. 2004). Most of the salt-affected land mapped by the Land Monitor
method occurs in the hydrozones occurring in the eastern parts of the
south-west of WA (Figure 2.7.5). The proportion of each hydrozone
mapped as areas of consistently low productivity and valley hazard
areas are presented in Table 2.7.7.

Groundwater trends
Groundwater levels between 2007 and 2012 were assessed in 1500
bores (Raper et al. 2013). Groundwater levels are mostly rising in the
Northampton Block [2], East Binnu Sandplain [3], Dandaragan Plateau
[6], South-western Zone of Ancient Drainage [11], Jerramungup Plain
[22], Ravensthorpe [23], Esperance Sandplain [24] and Salmon Gums
Mallee [25] hydrozones.
Conversely, groundwater levels are mostly falling in the Southern Cross
[9] and Western Darling Range [14] hydrozones, and mostly stable in
the Eastern Darling Range [13], Southern Zone of Rejuvenated Drainage
[12], Coastal Plain [15] and Warren–Denmark [18] hydrozones.
DAFWA does not monitor groundwater levels in the Donnybrook–
Leeuwin [16] and Scott Coastal Plain [17] hydrozones and therefore
groundwater trends were not assessed. Trends in groundwater levels
are variable in the remaining hydrozones (1, 4, 5, 7, 8, 10, 19, 20 and 21)
as there are a mixture of rising, stable and falling trends across these
zones. The dominant groundwater level trend across each hydrozone is
summarised and listed in Table 2.7.7 and shown in Figure 2.7.6.

Figure 2.7.5 Areas of consistently low productivity for the south-west of
WA determined by Land Monitor methodology in 1988 and
1998. Areas mapped as salt-affected by 1988 are shown
in orange, areas that Land Monitor determined to be saltaffected by 1998 are shown in red. The valley hazard areas
are shown in blue. Source: Caccetta et al. 2010.
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Timing of salinity

hydrological equilibrium and the area of dryland salinity will cease to
expand. More than half (14 out of 25) of the hydrozones will reach
equilibrium in the medium term (20–75 years) and three hydrozones –
Dandaragan Plateau [6], Southern Cross [9] and Salmon Gums Mallee
[25] – will reach equilibrium in the long term (> 75 years). The results
of the timing of salinity assessment is listed in Table 2.7.7 and shown
graphically in Figure 2.7.7.

In the short term (< 20 years), the Northampton Block [2], Southern
Zone of Rejuvenated Drainage [12], Stirling Range [20], Jerramungup
Plain [22] and most of the hydrozones west of the Darling Scarp, south
of Perth (Western Darling Range [14], Coastal Plain [15], Donnybrook–
Leeuwin [16] and Warren–Denmark [18]), either has or will reach
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Figure 2.7.6 Dominant groundwater level trends (2007–12).
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Figure 2.7.7 Time until the hydrozones reach hydrological equilibrium and
all areas of potential dryland salinity have developed.
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Risk assessment
The risk assessment was based on the likelihood and consequence
of dryland salinity developing further in each hydrozone. The level of
dryland salinity risk assessed, ranged from high, which will almost
certainly (or is likely to) occur with moderate or major consequences, to
very low, which is unlikely or will rarely occur and will only have minor
consequences. The results of the risk assessment are listed in Table
2.7.7 and shown graphically in Figure 2.7.8 and Table 2.7.1
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Geraldton
5

Four hydrozones were assessed as having a high risk: East Binnu
Sandplain [3], Dandaragan Plateau [6], South-western Zone of Ancient
Drainage [11] and the Esperance Sandplain [24].

6
7

Nearly half of the hydrozones were assessed as having a moderate risk
and included Kalbarri Sandplain [1], Irwin Terrace [4], Northern Zone
of Ancient Drainage [7], Northern and Southern Zones of Rejuvenated
Drainage [8 and 12], South-eastern Zone of Ancient Drainage [10],
Eastern Darling Range [13], Warren–Denmark [18], Pallinup [21],
Jerramungup Plain [22], Ravensthorpe [23] and the Salmon Gums
Mallee [25].

9
Merredin

8
Perth
13
15
Bunbury

Just over one-quarter of the hydrozones were assessed as having a
low risk of dryland salinity expanding further. These were Northampton
Block [2], Arrowsmith [5], Southern Cross [9], Western Darling Range
[14], Coastal Plain [15], Albany Sandplain [19] and Stirling Range [20].

11

14

16
17

10

12

18

21
20
19

22

Albany

Only two hydrozones – Donnybrook–Leeuwin [16] and Scott Coastal
[17] – were assessed as having a very low risk, though as noted,
DAFWA has no surveillance bores in this area and this assessment was
based on other data.

24
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0

Figure 2.7.8 The risk of expansion of dryland salinity.
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Table 2.7.7 Summary of dryland salinity assessment

Hydrozone

1

2

3

4

Kalbarri
Sandplain

Northampton
Block

East Binnu
Sandplain

Irwin Terrace

Land Monitor
Trend
Proportion
Proportion
Risk of
Dominant
of zone saltof zone
salinity
groundwater Timing of
Likelihood Consequence
affected in within valley
‡
§
expanding
salinity
trend
1998*
hazard†
2007–12‡
%
%

0

NA

0

4

NA

17

NA

10

variable

mostly
rising

mostly
rising

variable

medium
term

short
term

medium
term

medium
term

possible

unlikely

almost
certain

possible

123

moderate

minor

moderate

moderate

Comments

moderate

Rising, falling and stable groundwater trends are
found throughout. Rising trends are observed where
groundwater is less than 15 m deep, and falling and
stable trends where groundwater is deep (> 15 m).
The salinity risk is moderate because of the extensive
areas of flat plains.

low

Prior to 2000, this hydrozone appeared to be in
hydrological equilibrium with stable groundwater
trends. From 2000 to 2007, drought led to significant
groundwater falls. Since 2007, groundwater levels
have been rising but generally remain below
pre-2000 levels. The salinity risk is low because
expanding salinity is unlikely and any consequences
minor because of the incised topography restricting
the extent of salinity.

high

Rising groundwater trends are currently being
observed. Consistent rising trends and extensive
areas where the depth to groundwater is less than
10 m make it almost certain that dryland salinity will
continue to spread, with moderate consequences as
there are extensive low-lying areas at risk.

moderate

Rising, falling and stable groundwater trends are
observed throughout. Rising trends are associated
with sites located within areas of sandplain soils.
Falling trends tend to be associated with heavier
soil types. Stable trends are observed where
groundwater is shallow (< 2 m). The salinity risk is
moderate because further salinity could develop.
The consequences are moderate because of the high
productive quality of the agricultural land at risk.

Hydrozone

5

Arrowsmith

6

Dandaragan
Plateau

7

Northern
Zone of
Ancient
Drainage

Land Monitor
Trend
Proportion
Proportion
Risk of
Dominant
of zone saltof zone
salinity
groundwater Timing of
Likelihood Consequence
affected in within valley
expanding‡
salinity§
trend
†
1998*
hazard
2007–12‡
%
%

1

1

6

NA

NA

30

variable

mostly
rising

variable

medium
term

long term

medium
term

possible

likely

likely

124

minor

major

moderate

Comments

low

Rising groundwater trends observed in central and
eastern parts of this hydrozone generally occur
where localised perched watertables overlie the
regional groundwater system. In western areas
where extensive areas of salinity developed west of
Eneabba historically, mostly falling trends prevail.
This zone has a low risk because further salinity
could possibly develop but with minor consequence
because the agricultural land at risk is low productive
quality, pale deep sands.

high

Rising groundwater trends are found throughout. At
many sites the depth to groundwater is less than 10
m and salinity is actively spreading in an area southwest of Moora (West Gillingarra). It is likely that it
will continue to spread with major consequences in
the long term. As well as high quality agricultural
land, there are high value biodiversity assets at risk
of salinisation.

moderate

The salinity risk is moderate because rising
groundwater trends continue to be observed
throughout, therefore it is likely that salinity
expansion will continue. The development and
spread of salinity is slow and the consequence will
be moderate.

Hydrozone

8

9

Northern
Zone of
Rejuvenated
Drainage

Southern
Cross

Southeastern Zone
10
of Ancient
Drainage

Land Monitor
Trend
Proportion
Proportion
Risk of
Dominant
of zone saltof zone
salinity
groundwater Timing of
Likelihood Consequence
affected in within valley
expanding‡
salinity§
trend
†
1998*
hazard
2007–12‡
%
%

6

2

6

24

26

26

variable

mostly
falling

variable

medium
term

long term

medium
term

likely

possible

likely
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moderate

insignificant

moderate

Comments

moderate

The majority of bores in low landscape positions
have shallow, stable watertables. There is however,
a significant proportion of bores in lower landscape
positions still displaying rising trends. In mid to
upper landscape positions, the majority of bores with
groundwater levels deeper than 5 m have a slightly
falling trend or do not have any clear trends. Salinity
is likely to expand with moderate consequences,
although timing of salinity may be extended because
of changes in rainfall pattern.

low

Groundwater levels within the greenstone hills are
deep (10 to 40 m). Since monitoring commenced
in 2007, falling trends were evident in all lower
catchment bores, with no clear groundwater trend
observed in mid and upper catchment bores. A postclearing groundwater equilibrium may be decades
away, although this is dependent on climate. The
salinity risk is low – it could possibly occur in the
future but with insignificant consequences.

moderate

A large number of bores are now showing stable
groundwater level trends; however, rising trends
can still be observed in upland areas and in areas
of valley hazard in the southern portion of the zone
where rainfall is highest. It is likely that salinity
will continue to develop into the future, albeit at a
reduced rate due to more dry seasons. The impact of
future salinisation is expected to be moderate in the
north-east of the zone, and major in the south.

Land Monitor
Hydrozone

Southwestern Zone
11
of Ancient
Drainage

12

13

Southern
Zone of
Rejuvenated
Drainage

Eastern
Darling
Range

Trend

Proportion
Proportion
Risk of
Dominant
of zone saltof zone
salinity
groundwater Timing of
Likelihood Consequence
affected in within valley
§
expanding‡
salinity
trend
1998*
hazard†
2007–12‡
%
%

9

8

2

22

24

3

mostly
rising

mostly
stable

mostly
stable

medium
term

short
term

medium
term

likely

likely

almost
certain

126

major

moderate

minor

Comments

high

Most of the currently saline land occurs on broad
valley floors. An expansion of the area affected by
salinity is likely to continue, as groundwater levels
continue to rise, particularly in areas of valley hazard.
A major impact is expected as there are large areas
within the valley hazard not currently affected. The
expected timing for the development of further
salinity is 50 years or more.

moderate

Most monitored catchments appear to be
approaching equilibrium but there are some bores
with significant rates of groundwater level rise
adjacent to valley hazard areas, so an expansion
of the area affected by salinity is likely. Localised
impacts are expected to be moderate as fresh to
brackish groundwater resources occur. The moderate
salinity risk in this zone is likely to be realised within
the next 20 years.

moderate

Stable groundwater trends have persisted for the
last 10 years and much of the zone appears to
be approaching a new hydrological equilibrium.
However, a significant proportion of bores in areas
of valley hazard show strong rising trends, despite
lower than average rainfall. Furthermore, many
bores in or adjacent to areas already salt-affected
show artesian heads. It is almost certain that the
area affected by salinity will expand, though the
additional area will not be great and hence the impact
is assessed as minor.

Hydrozone

14

Western
Darling
Range

15 Coastal Plain

16

17

Donnybrook–
Leeuwin

Scott Coastal
Plain

Land Monitor
Trend
Proportion
Proportion
Risk of
Dominant
of zone saltof zone
salinity
groundwater Timing of
Likelihood Consequence
affected in within valley
expanding‡
salinity§
trend
1998*
hazard†
2007–12‡
%
%

1

NA

NA

NA

4

NA

NA

NA

mostly
falling

mostly
stable

na

na

short
term

short
term

short
term

medium
term

possible

possible

unlikely

unlikely
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minor

minor

insignificant

insignificant

Comments

low

Surveillance monitoring of groundwater levels is
limited in this zone as it is mostly forested or has
been reafforested. As a result, groundwater levels are
falling at the majority of sites. The salinity risk is low;
expansion of salinity is possible at a local scale, with
minor consequences.

low

Groundwater is shallow over much of the plain but
trends are stable, responding to seasonal rainfall.
Salinisation on the coastal plain is limited to poorly
drained areas on the Pinjarra Plain and coastal
swales. The salinity risk is low. Expansion of the area
affected is possible but with minor consequences
depending on whether high intensity land uses move
into poorly drained areas. Increasing salinity is likely
in surficial aquifers. Widespread soil salinity occurs
in the south-west irrigation areas but is not included
in this analysis.

very low

There are few areas of salinity within this hydrozone
hence DAFWA does not monitor groundwater levels
here. The salinity risk is very low, as the impacts
are negligible and it is unlikely to expand. Brackish
groundwater seepages into water supplies occur and
may be locally or seasonally relevant.

very low

The majority of the Scott Coastal Plain is forested
or recently cleared and there are no large areas of
salinity, hence DAFWA does not currently monitor
this zone. The hydrozone is probably close to
hydrological equilibrium, therefore, the salinity risk
is very low, due to the unlikelihood of the small area
affected expanding. Salinity associated with private
irrigation systems has not been assessed.

Hydrozone

18

19

20

Warren–
Denmark

Albany
Sandplain

Stirling
Range

Land Monitor
Trend
Proportion
Proportion
Risk of
Dominant
of zone saltof zone
salinity
groundwater Timing of
Likelihood Consequence
affected in within valley
expanding‡
salinity§
trend
†
1998*
hazard
2007–12‡
%
%

1

1

5

11

24

24

mostly
stable

variable

variable

short
term

medium
term

short
term

possible

possible

unlikely
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moderate

minor

minor

Comments

moderate

Aquifers are responsive to changes in recharge
and, depending on land use and/or seasonal
variability, groundwater can rise or fall accordingly.
Groundwater levels have already begun to rise in
response to changes in land use in some areas.
The risk is moderate as salinity could possibly
expand, due to changes in land use, with moderate
consequences, particularly if streamflow salinity
increases and river water quality falls below potable
limits.

low

The current low proportion of salt-affected land
can be attributed to deep groundwater levels. The
western section has isolated areas of salinity, many
of which have been stabilised by the establishment
of plantations. The eastern sandplain section shows
steady, rising groundwater trends and is cause for
concern in the medium to long term. The salinity
risk is low; salinity may develop further but the
consequence is considered to be minor.

low

This hydrozone already has large areas of severely
salt-affected agricultural land. Over the past 15
years, many hectares of salt-affected land have
been converted to saltland pastures. It appears
that the hydrozone is approaching a post-clearing
equilibrium; therefore, further salinity development
is unlikely, with minor consequences, as large areas
currently have groundwater levels at or near the
surface.

Hydrozone

21

22

Pallinup

Jerramungup
Plain

23 Ravensthorpe

Land Monitor
Trend
Proportion
Proportion
Risk of
Dominant
of zone saltof zone
salinity
groundwater Timing of
Likelihood Consequence
affected in within valley
expanding‡
salinity§
trend
†
1998*
hazard
2007–12‡
%
%

3

3

<1

22

15

12

variable

mostly
rising

mostly
rising

medium
term

short
term

medium
term

likely

likely

likely
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minor

moderate

minor

Comments

moderate

The risk of salinity is moderate. The area of salinity
is likely to expand but with minor consequences
and will mostly be confined to drainage lines and
hillside seeps. The impact on agricultural productivity
depends on where salinity develops in the landscape;
it will be minor in areas with incised topography and
moderate in areas of broad, flat valley floors with
extensive areas of valley hazard.

moderate

The risk of salinity developing is moderate, as deep
groundwater levels continue to show rising trends
and are likely to put further pressure on existing
discharge areas. With this increased pressure, new
saline areas are likely to appear, with moderate
consequences. Though the potential downstream
impact on drainage lines that flow through the
Fitzgerald River National Park has not been
determined, a reduction in water quality is likely
to lead to ecosystem change and loss of riparian
vegetation.

moderate

Most expressions of salinity are caused by hillside
seeps or groundwater baseflow within waterways,
which is currently occurring along most of the
river channels and some tributaries. The salinity
risk is moderate. Salinity is likely to expand but the
consequence is minor, as the area of agricultural land
at risk is small. However, the off-site impacts could
be considerable in relation to biodiversity, especially
along the waterways in the Fitzgerald River National
Park.

Hydrozone

24

25

Esperance
Sandplain

Salmon
Gums Mallee

Land Monitor
Trend
Proportion
Proportion
Risk of
Dominant
of zone saltof zone
salinity
groundwater Timing of
Likelihood Consequence
affected in within valley
‡
§
expanding
salinity
trend
1998*
hazard†
2007–12‡
%
%

1

4

21

22

mostly
rising

mostly
rising

medium
term

long term

almost
certain

possible

moderate

moderate

Comments

high

The area of salt-affected land has expanded since
the 1990s due to a series of years of above average
rainfall. Groundwater levels are either shallow and
fluctuate seasonally or are rising where they are
deeper (> 5 m). The salinity risk is high as salinity
will almost certainly expand. The consequence
is considered moderate, due to the extensive
(about 20%) areas of agricultural land within the
valley hazard area and the off-site impacts on the
biodiversity assets, particularly those within the
coastal reserves (e.g. Ramsar wetlands and national
parks).

moderate

Groundwater levels in the north of this zone
continue to show stable trends. In the eastern part
they have been falling over the last few years due
to below average annual rainfall. In western areas,
where rainfall has not declined, groundwater levels
continue to rise. The salinity risk is moderate and the
area of salinity will possibly expand with moderate
consequences in the long term.

NA Not assessed
*

From Land Monitor areas of consistently low productivity (AOCLP 1998)

†

From Land Monitor average height above valley floor (AHAVF) 0–2 m, except Hydrozone 24 0-1 m and Hydrozone 25 0-0.5 m

‡

From Resource management technical report 388 (Raper et al. 2013)

§

From Salinity Investment Framework Phase 1 (George et al. 2005)
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Discussion and implications

all farmers equally and in the late 1990s, one-third (35%) of the saltaffected land mapped was managed by less than 10% (280) of farmers.

Currently, more than one million hectares of agricultural and public
land in the south-west of WA is severely salt-affected (McFarlane et al.
2004; Furby et al. 2010). Dryland salinity has expanded in most of this
region since 1998, especially following episodic rainfall events, such
as occurred in 1999, 2000, 2005, 2006 and 2007 (George et al. 2008b;
Robertson et al. 2010). Expansion of salinity continues to take place
despite lower than average rainfall.

Salinity also affects rural infrastructure relied upon by the agricultural
industry. About 250 km of main roads and 3850 km of local roads were
estimated to be affected by dryland salinity (Sparks et al. 2006). The
value of rail repair and maintenance costs in 2006 was $176 million.
Dryland salinity severely impacts public and private water resources
and biodiversity (Sparks et al. 2006). These costs are difficult to
determine and therefore poorly documented.

The 2000–07 dry period resulted in a reduction in the rate of
groundwater level rise and a small downward trend in the depth to
watertables beneath some valley floors. However, since 2008, this
trend has largely been reversed and as a result there is no evidence of
a reduction in the area of salt-affected land. In areas with groundwater
systems still actively filling (not near equilibrium), reduced rainfallrecharge appears to have had little discernible impact on rising trends.
Later, as these areas approach a ‘new’ hydrological equilibrium,
climate impacts will become the dominant controller of groundwater
level trends and the extent of dryland salinity. The recent trends in
groundwater levels have been attributed to the interaction between
three factors: clearing, reduced rainfall, and the onset of hydrological
equilibrium (George et al. 2008a).

The implications of dryland salinity to the agricultural industry are
widespread and include reduced crop yield, area of arable land,
land capability and should also include the growing need to meet
community and market demands for environmentally responsible
agriculture.
Management to contain or adapt to salinity is technically feasible using
plant-based and engineering options, though few, if any, degraded
areas can be economically recovered. The south-west of WA will
have a significant area of salt-affected land for the long term. In the
agricultural context, salinity needs to be managed in a way which
minimises off-site impacts and enables profitable use of affected land.

Dryland salinity remains a potential threat to 2.8–4.5 million hectares
of productive agricultural land (George et al. 2005) and depending on
future climate, the area actually affected will increase. The long-term
extent of salinity may take decades to centuries to develop, especially
in areas where clearing was staggered, the area cleared is small
(< 50%), or where watertables are deep (George et al. 2008b).
The hydrozones with the highest dryland salinity risk occur mostly
in the highly productive, medium to high rainfall, dryland agricultural
areas. In 2009, the opportunity cost of lost agricultural production from
dryland salinity in the south-west of WA was calculated to be at least
$344 million per annum (Herbert, 2009). Dryland salinity does not affect
131

Recommendations
•

Estimates of the current extent of salinity are undertaken using
satellite-based systems on a decadal or similar frequency, and
backed up by census-style surveys and farm- to catchment-scale
field-based assessments.

•

Salinity risk assessment is based on the continued long-term
monitoring of groundwater levels and trends in the regional
surveillance bore network. Tools, such as groundwater models
and specific field analysis at key sites, are used to refine the risk
assessment. Assessments are undertaken at 5 to 10 year intervals
at both hydrozone and catchment scales.

•

•
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2.8 Nutrient status (phosphorus)
Key messages
Condition and trend
Nutrients, such as phosphorus (P), are essential for profitable agriculture in the south-west of WA; however, excess P –
more than is required for optimal production – is stored in many agricultural soils.
On average, pasture soils and arable soils contain 1.3 times and 1.6 times respectively, as much P as is required for
optimal production.
Production in P-enriched soils is more likely to be constrained by soil acidity (50–60% of pasture and arable soils),
potassium (K) (50% of pasture soils and less than 10% of arable soils), and sulphur (S) (30% of pasture soils).

Management implications
The direct cost of excess P application in the agricultural areas of the south-west of WA is estimated to be about $400
million per year.
Reducing the amount of P to optimal levels could lead to economic benefits (reduced fertiliser costs or redirection of
fertiliser costs to removing other constraints), and reducing the off-site impacts of agriculture (reduced leaching and runoff of P).
Removing other nutrient and soil constraints (acid soils, K, S) is likely to increase productivity and profit of agriculture.
Regular monitoring of soil nutrients at a paddock scale will provide the information to optimise fertiliser application and
profitable yields, and minimise off-site impacts.
Industry bodies, especially those providing fertiliser advice, need to be aware of this nutrient status assessment and
should provide fit-for-purpose, element-specific fertiliser recommendations to derive optimal economic outcomes for
producers and to minimise off-site impacts.
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Nutrient status (P) by Ag Soil Zone

Nutrient status (P) by shire
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Figure 2.8.1 Resource condition summary by shire (left) and by Ag Soil Zones (right).
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Table 2.8.1 Resource status and trends summary for nutrient status (phosphorus)
Ag Soil Zone

Summary

Condition and trend
Very
Deficient Optimal
deficient

1

Mid West

2

Mullewa to Morawa

3

West Midlands

4

Central Northern
Wheatbelt

Soil P fertility in excess of optimal range. This could change
to well in excess with continued P application; however,
ceasing P application would see P levels slowly decrease to
optimal levels.

5

Swan to Scott
Coastal Plains

Soil P fertility in excess of optimal range. This could change
to well in excess with continued P application; however,
ceasing P application would see P levels slowly decrease to
optimal levels.

6

Darling Range to
South Coast

Soil P fertility in excess of optimal range. This could change
to well in excess with continued P application; however,
ceasing P application would see P levels very slowly
decrease to optimal levels.

7

Zone of Rejuvenated
Drainage

Soil P fertility is well in excess of optimal range. Ceasing
P application would see P levels very slowly decrease to
optimal levels.

Soil P fertility well in excess of optimal range. Ceasing
P application would see P levels very slowly decrease to
optimal levels.
Soil P fertility well in excess of optimal range. Ceasing
P application would see P levels very slowly decrease to
optimal levels.
Soil P fertility in excess of optimal range. This could change
to well in excess with continued P application; however,
ceasing P application would see P levels slowly decrease to
optimal levels.

Excess

Well in
excess

Confidence
In
In
condition trend

Table 2.8.1 Resource status and trends summary for nutrient status (phosphorus) (cont.)
Ag Soil Zone

Summary

Condition and trend
Very
Deficient Optimal
deficient

8

Southern Wheatbelt

Soil P fertility well in excess of optimal range. Ceasing P
application would see P levels slowly decrease to optimal
levels.

9

Stirlings to
Ravensthorpe

Soil P fertility in excess of optimal range. This could change
to well in excess with continued P application; however,
ceasing P application would see P levels slowly decrease to
optimal levels.

Excess

Well in
excess

Confidence
In
In
condition trend

10 South Coast – Albany Soil P fertility in excess of optimal range. This could change
to Esperance
to well in excess with continued P application; however,
ceasing P application would see P levels slowly decrease to
optimal levels.
11 Salmon Gums
Soil P fertility in excess of optimal range. This could change
Mallee
to well in excess with continued P application; however,
ceasing P application would see P levels very slowly
decrease to optimal levels.

Condition grades

P fertility index = <0.75 (P very deficient)

Confidence

Recent trends

P fertility index = > 0.9 – 0.75 (P deficient)

Improving

Unclear

P fertility index = > 0.9 – 1.1 (P optimal)

Deteriorating

Variable

P fertility index = > 1.1 – 1.5 (P excess)

Stable

P fertility index = > 1.5 (P well in excess)

Adequate high-quality evidence
and high level of consensus
Limited evidence or limited
consensus
Evidence and consensus too
low to make an assessment

Overview

an economic disadvantage if it is still being applied, and can lead to
losses that result in off-site impacts. For example, algal blooms can
occur if nitrogen and P are lost from agriculture through run-off and
leaching to waterways.

This chapter assesses the phosphorus (P) status of agricultural soils
and the implications for both production and the environment. In this
assessment the focus is on soil P; however, this is put into context
with other potential constraints to plant growth, such as soil acidity,
potassium (K) and sulphur (S), to derive a summary of the nutrient
status of soils in the south-west of WA.

Western Australia’s soils have long been renowned for their infertility.
At the end of the 19th century, large increases in plant growth were
obtained with the application of guano from the Abrolhos Islands, and
later, imported superphosphate, the first inorganic fertiliser used in WA.
Since then many farmers have adopted a traditional approach to P
fertiliser management of ‘a bag of super to the acre each year’.

Nutrients are required for productive agriculture. Too little of any
nutrient can lead to poor biological growth and agricultural production
and a poor economic outcome. Equally, too much of a nutrient can be

Given the traditional approach to P fertiliser management (Weaver
and Wong 2011) nutrient applications, especially of P, need to be
carefully managed to maximise farm profitability and reduce offsite impacts. Fertiliser represents the single largest farm input cost
(Western Australian Farm Inputs Taskforce 2009) and fertile agricultural
landscapes have a major impact on water quality (Dougherty et al.
2011).

Assessment method
Available records (140 000 samples from 1982–2012) were assessed
to determine nutrient status for P, K, S, and soil acidity for arable and
pasture soils in the south-west of WA. The proportion of samples above
or below critical soil test values was used to determine the extent of a
nutrient excess or deficit. A soil P fertility index (P90) was derived from
the ratio of measured soil test P to critical soil test P values. This index
is an indicator of the severity of soil P excess or deficit to achieve 90%
of maximum production of pastures or crops. Based on this index,
values of 1 are optimum, and those greater than or less than 1 are in
excess or deficient respectively.
Some adjustments can be made for potential bias in P fertility
assessments due to the way various agricultural sectors use soil testing
and apply the results of soil tests. For example, the Australian Bureau
of Statistics (2010) reports that only 25% of farms undertake soil

Fertiliser spreading on pastures on the Swan Coastal Plain, near Harvey.
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Table 2.8.2 Assessment of nutrient status

testing, and recent assessments of Australian Soil and Plant Analysis
Council (ASPAC) laboratories suggests that 85–90% of all soil sampling
is undertaken for cereal cropping. Additionally, soil test P values for
paddocks that are routinely soil tested were found to be marginally
elevated in comparison to those that are not. Details of the methods
used to determine the soil fertility status of P, K and S, and soil acidity
can be found in Weaver and Wong (2011).

South-west agricultural
zone
pastures

Current status and trends

2009–10

1982–2012

Number of samples

109 000

28 167

230

15–212

1.29 (1.13) 1.57 (1.50)

1.00–1.74

Median P fertility index
Median P fertility index (for P
deficient soils)
Median P fertility index (for soils
with excess P)

0.84

0.79

0.67

1.60

1.70

1.76

63 (56)

87 (80)

59–79

% with pH constraint

77

70

62–98

% with K deficiency

49

8

43–73

% with S deficiency

61

No data

37–75

% with excess P and a pH constraint

50

63

40–68

% with excess P and a K deficiency

29

7

25–45

% with excess P and a S deficiency

28

No data

18–43

% with excess P and a pH
constraint, and K and S deficiency

19

No data

15–25

% with excess P

Adjustments for potential bias reduced the median P90 fertility indices
of pasture and arable soils to 1.13 and 1.50 respectively. The number
of pasture and arable soils that exceeded the P90 critical soil test values
was adjusted down to 56% and 80% respectively (Table 2.8.2). This
assessment of soil P status for cropping soils shows similar results to
that of Neuhaus et al. (2012).
Multiple nutritional issues have potential to impact on plant productivity.
More than 70% of soils had pH less than 5.5, and 49% and 8% of
pasture and arable soils respectively, were K deficient. More than 60%
of pasture soils were assessed as S deficient. More than 50% of soils
had excess P and were also assessed as acid (pH <5.5), potentially
reducing the uptake of available P and other nutrients. Twenty-nine per
cent of pasture soils and 7% of arable soils had excess P and were also
assessed as K deficient. For pasture soils, 19% had excess P as well
as being assessed as acid, and K and S deficient.

pasture

Year
Sampling density (hectares per
sample)

The median P90 fertility index of pasture and arable soils was 1.29
and 1.57 respectively. This is within the range (1.00–1.74) of other soil
testing programs conducted from 1982 to 2012. Soils deemed to be P
deficient (P90 <1) were on average within 20% of the critical soil test P
values to achieve optimal production, while those deemed to be have
excess P (P90 >1) had on average 60–70% more available soil P than
required. Overall, 63% of pasture soils and 87% of arable soils had
excess P (P90 >1).

wheat

Summary
of other
sampling
programs

Note: Values in parentheses have been adjusted for potential bias.
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P excess

P optimal

nutrient level
required for 90%
of maximum
production

P deficient

For soils with excess P (P90>1), applying additional P fertiliser rarely
contributes to positive economic outcomes. In contrast, not applying P
represents an economic opportunity as P reserves in the soil are used.
Running down soil P reserves (the super bank) can continue until the
critical soil test P value is reached, at which time P should be applied to
maintain optimal soil P fertility.
Overcoming constraints to crop and pasture production by applying
required nutrients, such as K and S, or by applying lime to reduce soil
acidity, provides conditions more likely to optimise production than
applying more P. Such conditions exist when critical soil test values
are reached and not exceeded. At this point, crops and pastures use
nutrients optimally, and the risk of nutrients, such as P, being lost from
agricultural soils reduces (Figure 2.8.2).

P

constraint

Soils with excess P

constraint

crop or pasture growth

Fertiliser represents the single largest input cost to farming in WA.
Optimising fertiliser use presents economic and environmental
opportunities for agriculture. Soil testing to inform fertiliser decisionmaking can reduce unnecessary economic and water quality risks.

excess

Discussion and implications

nutrient level

P

Soils with excess P represent an increased off-site water quality risk
compared to soils with optimal P fertility. Adding more P unnecessarily
increases off-site risks above that already posed by high P fertility soils.

S

S

K

S

P

phosphorus loss

Soils with optimal P

K

K

Soils containing optimal P levels (P90=1) require maintenance P
applications to retain their status. Pastures and crops grown on these
soils may not achieve production potential if there are other constraints
caused by soil acidity or deficiency of K or S. In the presence of these
constraints, pastures will not be able to optimally use soil P, and water
quality risks will be greater. It is therefore important to achieve balanced
soil nutrition to optimise economic outcomes and minimise off-site
water quality impacts (Figure 2.8.2).

Figure 2.8.2 The relationship between soil nutrient levels for P, K and S,
crop or pasture growth, and the risk of P loss.
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Soils with P deficiency
For soils with P deficiency (P90<1), applying additional P often
contributes to positive economic outcomes. Failure to apply P in these
situations may contribute to water quality risks because of poor plant
growth, low nutrient uptake, and erosion (Figure 2.8.2). Increasing soil
P reserves (the super bank) should continue until the critical soil test P
value is reached, at which time maintenance P applications should be
applied to retain soil P fertility at an optimal level.

P fertiliser decisions

Legend

The extensive datasets assessed here suggest that P should be
recommended in less than 40% of pasture soils and less than 20%
of arable soils. However, these general findings of high P fertility
should be applied cautiously to fertiliser strategies at the individual
farm and paddock level. Farm-scale fertiliser strategies should be
determined through the use of routine soil testing, and in light of varied
production constraints. Soil testing should be encouraged, particularly
in the beef and sheep grazing sector, where there appears to be a
low uptake of this practice to inform fertiliser strategies. The P status
on a representative property in the Vasse–Geographe Catchment
demonstrates both the variable, but generally excess, levels of P across
the property (Figure 2.8.3).

P Fertility Index
<0.75 (very deficient)
0.75–0.9 (deficient)
0.9–1.1 (optimal)
1.1–1.5 (excess)
>1.5 (well in excess)

Figure 2.8.3 Example of a P fertility index on a farm in the Vasse–
Geographe Catchment. Note the variability from very
deficient to well in excess across paddocks, and the
generally excessive levels of P on the property.

Industry bodies, especially those providing fertiliser advice, need
to be aware of these findings and should provide fit-for-purpose,
element-specific recommendations to derive optimal economic and
environmental outcomes.

Reducing the use of high water soluble forms of P will reduce P loss
from sandy soils but will have little impact on P loss from non-leaching
soils. Removing fertilisers with high water soluble P from the market
may have a negative economic impact on agriculture, while not
providing a universal benefit to water quality.

Compromises between agricultural and water quality
objectives
Reducing the fertility status of soils to the agronomic optimum of P will
not necessarily remove water quality risks altogether. However, it will
reduce the high risks of unacceptable environmental consequences
associated with current excessive soil P levels in the absence of other
more effective measures to reduce nutrient loss to waterways.

Implications for water quality risks
Risks to water quality increase as soil P fertility increases (Dougherty et
al. 2011). Location, landscape characteristics and excess soil P levels
can influence nutrient delivery to coastal waterways. While excess soil
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P, and therefore greatest water quality risk, appears to be present in
wheatbelt soils (Figure 2.8.1), this risk is offset by the location of this
excess soil P in relation to waterways that are at risk. Lower rainfall
in the wheatbelt reduces leaching and run-off, and any nutrient runoff entering streams has to travel long distances to reach coastal
waterways. During the long path to the coast, much of these nutrients
are assimilated and only move slowly downstream.

more P in the soil to grow to its maximum potential. Grasses are
much more effective than clover at taking up P; they require less P in
the soil to reach maximum production. Many present-day pastures
are dominated by grass and the use of critical soil test values for
clovers will result in more P in the soil than grass requires. This may
underestimate soil P fertility.

In contrast, soils in coastal and higher rainfall areas (more than 600 mm
annually) still contain excess soil P. The higher rate of leaching and runoff, and proximity to sensitive waterways, increases the water quality
risk from these areas, because there are fewer opportunities for nutrient
assimilation within the stream network. Nutrient loads can reduce by up
to 100 times through assimilation within a stream network, whereas the
degree of P excess varies only up to 2 times.

Recommendations

Livestock industries, particularly those based on the coastal plain,
and where the annual rainfall is greater than 600 mm, present the
greatest scope for improved economic and environmental outcomes by
adhering to fertiliser recommendations derived from soil testing. This
scope occurs because of the proximity of these industries to sensitive
waterways, and the reduced opportunity for nutrient assimilation within
the stream network.

•

Grazing and cropping businesses soil test paddocks routinely,
at least every three years, to reduce both economic and water
quality risks. This routine will enable the design of evidencebased fertiliser programs, ensuring that agricultural systems
operate with optimal soil fertility and the risk of nutrient loss by
leaching or run-off is minimised.

•

Undertake analysis of commercial soil test data at a state level at
approximately five-year intervals to identify temporal changes to
soil fertility and water quality risk, given that under typical fertiliser
management strategies, including cessation of P application, soil
P levels are likely to change slowly.

•

Undertake more research on how grass-based pasture systems
respond to P and other nutrients. This is important given the
cost of fertiliser and the need to minimise the off-site impacts of
fertiliser use.

•

Industry bodies, especially those providing fertiliser advice,
are made aware of this nutrient status assessment and
encouraged to provide fit-for-purpose, element-specific fertiliser
recommendations to derive optimal economic outcomes for
producers and to minimise off-site impacts.

Assessment biases
This assessment methodology has potential biases that may both
overestimate and underestimate soil P fertility. Soil test datasets may
represent data from producers who are motivated to undertake soil
testing, and soil fertility may be higher for those who are motivated
to test compared to those who are not. This may overestimate soil P
fertility.
In contrast, most early research on the response of pasture to P was
based on clover pasture. Consequently the critical soil test values used
in pasture soils, and this assessment, are based on the P requirements
of clovers. However, different pasture species respond to P fertiliser
to different extents. Clover is not very efficient at using P and requires
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2.9 Nutrient export (phosphorus)
Key messages
Condition and trend
While phosphorus (P) is a critical plant nutrient for profitable agriculture, its export in surface water run-off or leaching
accelerates eutrophication in waterways.
The export of nutrients used in agriculture was assessed as high to very high hazard for most of the coastal catchments.
Algal blooms caused by excessive nutrients and organic matter in waterways are the major cause of fish kills and
seagrass losses in rivers and estuaries across the south-west of WA.

Management implications
A range of factors influence P export from agriculture, including fertiliser application method, storage, timing of
application, rate applied and source, soil type and texture, slope, paddock fertility, connectivity to drainage, irrigation
management, manure disposal and potential for erosion.
Management practices that can reduce P export from paddocks include:
–
amending soils to increase low P retention capacity
–
using soil testing to inform decisions on fertiliser application rates
–
using perennial pastures to increase water and nutrient uptake and decreased erosion
–
accurately placing fertiliser
–
having fertiliser-free buffer zones close to waterways
–
using appropriate fertiliser for the soil type and the plant requirements
–
improving irrigation efficiency – replace flood with central pivot irrigation, recycle nutrients within irrigation
systems
–
improving livestock management around feedlots and dairy sheds, and using effluent to offset nutrient inputs
–
licensing of agricultural point sources of nutrient discharge into catchment/estuarine systems
–
protecting and revegetating wetlands and waterways
–
adopting agricultural best management practices.
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Nutrient export (P)

Very low
Low
Moderate
High
Very high
Insufficient knowledge
Native vegetation
and reserves

Geraldton

Merredin
Perth

Bunbury

Esperance
0
Albany

100

200

Kilometres

Figure 2.9.1 Resource hazard summary for nutrient export (P) in selected catchments.
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Table 2.9.1 Resource status and trend summary of nutrient export (P) in selected catchments
Catchment/system

Summary

Hazard and trend
Very
High
high

1
2

Swan–Canning
System
Peel–Harvey
System
Leschenault
Catchment

4

Vasse–Geographe Most of the nutrient loads come from broadacre grazing of beef and dairy cattle.
Catchment
Upstream tributaries and wetlands have poor water quality.
Scott River
Agricultural land use is changing from dryland grazing to more intense
Catchment
irrigated dairy enterprises, resulting in an increasing nutrient impact.
Wilson Inlet
The main diffuse sources of nutrients are beef and sheep grazing with
Catchment
broadacre cropping. Phosphorus concentrations in tributaries are increasing.
Oyster Harbour
Most of the nutrient loads come from diffuse agricultural sources in higher
Catchment
rainfall areas supporting grazing enterprises.
Bremer
Most of the nutrient loads come from broadacre grazing and cropping.
Catchment
Lake Warden
Most of the nutrient loads come from diffuse agricultural sources, particularly
Catchment
broadacre grazing and cropping enterprises, and some farm forestry practices.

6
7
8
9

Condition grades
Very good
Good
Fair
Poor
Very poor

Low

Very
low

In risk
In
impact of
trend
agriculture

The main sources of nutrients are agriculture, predominantly from cattle
grazing in the Ellenbrook sub-catchment, and urbanisation.
The main source of P is agriculture, particularly from broadacre dryland
grazing of cattle. The estuary condition has improved with the construction of
the Dawesville Channel; however, algal blooms and fish kills now occur in the
lower reaches of major rivers.
The main nutrient losses originate from diffuse sources, including broadacre
beef and dairy grazing and dairy sheds near streams. All monitored sites in the
estuary and catchment exceed target levels.

3

5

Mod

Confidence

Nutrient export hazard grades matrix
Significance of phosphorous load (P load above target)
Agricultural
contribution to Very low
Low
Moderate
High
Very high
P load
(30%)
(30–60%) (60–90%) (90–120%
(>120%)
>75%
Moderate
Moderate
High
Very High
Very High
50–75%
Low
Moderate
Moderate
High
High
25–50%
Low
Low
Moderate
High
High
<25%
Very Low
Low
Low
Moderate
Moderate
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Insufficient data for full
assessment
Insufficient data for full
assessment

Recent trends
Improving
Deteriorating
Stable
Unclear
Variable

Confidence
Adequate high-quality
evidence and high level of
consensus
Limited evidence or limited
consensus
Evidence and consensus too
low to make an assessment

Overview

(leaching) in sandy soils, when saturated with water (Summers et al.
1999). Soluble P is more likely to be exported from sandy soils through
leaching and run-off and from clay soils in run-off when the soil surface
is saturated with P.

This chapter assesses the phosphorus (P) export from agriculture
across nine coastal plain catchments, covering 27 600 km2 (2.76 million
hectares) of the south-west of WA. Plant nutrients are required for
productive agriculture; however, on the predominantly sandy soils of
these nine catchments, there is significant risk that excess P will be
exported to rivers and estuaries downstream.

Increased rainfall increases nutrient export. On the other hand, reduced
rainfall magnifies the impact of lost nutrients because it results in
modified catchment hydrology. Winter river flows have generally
decreased in recent years, reducing the amount of nutrients and
organic matter flushed out to the ocean. Instead they accumulate in
the sediments of waterways. In summer, saline water moves further
upstream, often remobilising nutrients stored in the sediment.

Sources of P from agriculture can be broadly classified as diffuse
(coming from a wide area) or point (localised discharge, such as from a
pipe) and include:
•

broadacre grazing on fertilised pasture land (cattle and sheep)

•

cropping on arable land

•

intensive livestock industries (dairies, feedlots and stock holding
yards, piggeries, poultry farms)

•

orchards and intensive horticulture.

Summer storms may become more frequent in the future. These
stimulate nutrient export and re-suspend stored nutrients during
periods of warm temperatures, further exacerbating the potential to
create algal blooms (Giller and Malmqvist 1998; Chuwen et al. 2009).

Assessment method

Export of P from agriculture, urban and industrial sources has
contributed to nutrient enrichment of streams, rivers and estuaries,
resulting in water quality problems (eutrophication), such as algal
blooms, occasional fish kills, odours from decaying algae, and potential
accumulation of toxins in shellfish.

This chapter reports on the hazard
of P being exported from agriculture
within specified catchments,
which may affect the condition of
waterways and water bodies lower in
the catchment (Figure 2.9.2). It does
not report directly on the condition
of the waterways and water bodies –
this information is reported elsewhere
in WQIPs and other published
sources.

Water quality improvements plans (WQIPs) have assessed and
modelled the magnitude of P from different sources and suggested
ways to reduce nutrient export.
The export of P from agriculture is assessed qualitatively by combining
the relative magnitude of agriculture’s contribution, and the magnitude
of the over-supply of P to waterways.
The coastal soils have a low capacity to retain nutrients. Any land
clearing for productive agriculture increases nutrient run-off (Brearley
2005). Nitrogen and P are exported in solution or bound to soil particles
in surface run-off from clay soils and both surface and sub-surface flow
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Figure 2.9.2 The spatial
relationship between the
hazard of nutrient export in the
catchment and the waterways
and water bodies that may be
affected.

Status and trend

For this assessment, P has been used as a key indicator of nutrient
export in the catchment. The data from the WQIPs and other published
sources were used to determine the:
•

percentage of exported P contributed by agriculture in each of
the catchments

•

significance of this P contribution to the downstream environment

•

condition of the catchment in terms of current and target P loads.

Agriculture’s contribution to P input into the catchments examined,
ranges from 45 to 99%. While the catchments with predominantly
agricultural land use provide the highest percentage contribution to
the P load, the quantity of P is also an important consideration. The
highest percentage contribution occurs in the Lake Warden Catchment
because broadacre farming is the dominant land use. Catchments in
more populated areas (e.g. Swan–Canning, Peel–Harvey, Leschenault
and Vasse–Geographe) are receiving an increased contribution from
urban sources (Figure 2.9.3).

A matrix integrating the contribution from agriculture and the
significance of this contribution was used to qualitatively assess the
hazard of P export (Table 2.9.2).

Excessive P load is common across all of the catchments on the Swan
Coastal Plain where agriculture is dominant (Table 2.9.3). However,
assessment of the Swan–Canning System demonstrates that even
where agriculture is not the dominant contributor of P, the significance
of the P load is still high.

Table 2.9.2 Matrix to determine hazard grades for P export
Significance of P load (P load above target)
Agricultural
contribution Very low
Low
Moderate
High
Very high
to P load
(<30%) (30–60%) (60–90%) (90–120%)
(>120%)
>75%

Moderate

High

High

Very high

Very high

50–75%

Low

Moderate

High

High

High

25–50%

Low

Low

Moderate

High

High

<25%

Very low

Low

Low

Moderate

High

Nutrient audits have also shown that the conversion of agriculture
to urbanisation leads to increased nutrient inputs. All of the coastal
catchments have both intensifying agricultural practices and areas of
increasing urbanisation. Therefore, future changes in land use changes
should incorporate best practice water quality management.

A case study of the Peel–Harvey catchment (below) outlines the data,
analysis and interpretation of various agricultural sources of P.

148

Figure 2.9.3 Phosphorus export risk
and source separation.
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Table 2.9.3 Phosphorus significance (loads) and agricultural P source
Catchment
area
(km2)

Current
P load (t/
year)

Target P (t/
year)

% P over
target*

Swan–Canning System

2 090

26

12

Peel–Harvey System

11 930
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Leschenault Catchment

1 981

Vasse–Geographe
Catchment

Catchment

Agricultural P source (%)
Beef/
sheep

Cropping

Dairy

Horticulture

Other

Total
(%)

117

33

–

–

11

1

45

75

93

50

2.7

10.1

13.6

6.8

82.7

27.8

10.7

160

43

–

31

0.7

–

74.7

2 000

53

20

165

32

–

25.4

5.7

<1

63

Scott River Catchment

700

11

8

38

33

–

45

–

<1

84

Wilson Inlet Catchment

2 379

13

–

–

60

–

11

10

2

82

Oyster Harbour Catchment

3 780

23

–

–

67

2

4

–

11

84

680

1.2

0.95

26

94.4

–

–

–

–

94.4

2 132

2.6

1.4

86

49

51

–

–

–

99

Bremer Catchment
Lake Warden Catchment

* % P over target = (current P load – target P = P in excess divided by target P)

Discussion and implications

Notes: Data for the Swan–Canning and Peel–Harvey systems, and
Leschenault, Scott River and Wilson Inlet catchments were obtained
from their current water quality improvement plans.
Data for the Oyster Harbour Catchment was obtained from Master
(2007).
Data for the Lake Warden Catchment was obtained from DAFWA
(2009).
Data for the Bremer Catchment was obtained from DAFWA (2008).

Phosphorus is an essential element for plant and animal growth and
many of WA’s agricultural soils were originally amongst the most P
deficient in the world (see Chapter 2.8). While P is critical for profitable
agriculture, its export through surface water run-off and leaching
increases the chance of algal blooms in receiving water bodies. In
addition, organic matter flowing from the landscape to receiving water
bodies depletes dissolved oxygen during decomposition. These two
factors increase the likelihood of water quality problems. The degree
of impact depends on characteristics of both the source and transport.
Some of these source and transport factors can be managed to
reduce the risk of export (Figure 2.9.4), while others are inherent to
the landscape or the environment and are beyond the control of land
managers.
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Fertiliser management

Land condition and response
(P export)

Fertiliser management is estimated to reduce P export by around 10%.
The efficiency with which stored and fertiliser nutrients are used by
plants can be improved by the following:

land characteristics
climate

Key factors

Key factors

Soil type
Slope

Rainfall intensity
Rainfall amount

land management

Test soil and plant tissue to establish and monitor plant nutrient
requirements. Ensure that critical soil test values are reached but
not exceeded.

•

Use slow release, low water soluble P fertilisers where appropriate
(in low P retention index soils).

•

Avoid applying fertiliser prior to the break of season and stagger
applications to meet plant requirements.

•

Calibrate fertiliser spreaders to ensure the application rate is
correct and expenditure on fertiliser is minimised.

•

Avoid application immediately prior to heavy rainfall.

•

Ensure fertiliser and manure is stored on a hard standing and
under cover away from rain.

•

Ensure soil pH is corrected to allow maximum use of stored soil
nutrients and applied fertiliser.

Soil amendments

Key (potentially manageable) factors
Source factors
Soil P
Soil P sorption
Applied P rate
Applied P time
Applied P form
Applied P placement
Ground cover
Grazing management
Water effluent management

•

Applying soil amendments to soils with low P retention capacity should
reduce P export by about 40%. Soil amendments may consist of
mining or other by-products that add clay minerals to the soil. These
increase nutrient retention, overcome non-wetting characteristics, raise
soil pH and increase pasture production.

Transport factors
Waterlogging
Ground cover
Runoff modifying feature
Connectivity to drainage

Figure 2.9.4 Factors that may influence P export. The potentially
manageable factors fit within the land management driver.
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Perennial pastures

Riparian buffers

The deeper roots of perennial pastures increase water use and access
nutrients from greater soil depths, as well as reducing erosion risk.
However, recent research suggests that perennial pastures and grasses
may reduce the amount of nitrogen, but not P, exported off-site.
Perennial grasses have a lower P requirement than clovers. Nutrient
response curves are needed for perennials so that their effectiveness to
reduce nutrient loss can be established.

Protection and revegetation of wetlands and waterways has long been
advocated as a nutrient control measure. However, research in the southwest of WA has shown that in catchments with sandy soils, sub-surface
flow is the dominant pathway of P export. In this situation, buffers reduce
P export by less than 5%. Fenced riparian buffers physically separate
stock from streams, preventing fouling of waterways and erosion of
banks, thus reducing sediment loss. Fenced buffers may also reduce the
chance of direct fertiliser application on streams.

Irrigation management

Governance

Improvements in efficiency by moving from flood irrigation to more
water use efficient systems, such as central pivot sprinklers, should
reduce P export.

The Fertiliser Partnership provides a coordinated approach by
government, the fertiliser industry, fertiliser user groups, and peak nongovernment organisations and other partners, to voluntarily engage in
developing improved practices and products for industry and consumers
(fertiliserpartnership.agric.wa.gov.au).

Effluent management
Improved effluent management from dairy sheds is estimated to reduce
P export by less than 5% because only 10–15% of nutrients are derived
from the vicinity of the dairy shed and effluent ponds. In contrast, 85–
90% of animal excreta are deposited directly onto pastures, whereupon
it becomes a diffuse nutrient source (Keipert 2008). Nutrients in effluent
can be captured and irrigated onto pasture or timber lots, replacing
bought-in fertiliser. Manures also contain bacteria that are a risk to
water quality if not managed appropriately (URS 2005). Dependent on
the scale and location of an intensive animal operation, licensing of
agricultural discharges may lead to reduced nutrient export.

The partnership recognises:
•

the value and importance of maintaining and improving the health
of aquatic environments for the benefit of current and future
generations of Western Australians

•

the production of agricultural goods and services is essential to
society

•

the enjoyment of household gardens, parks, and recreational
grounds is central to the lifestyle of Western Australians.

Reduced nutrient export can only be achieved through collaborative effort
with, and involvement of, the broad community. The partnership aims to
foster a cooperative working relationship to reduce fertiliser nutrient loss
to aquatic environments.
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The Fertiliser Partnership has an aspirational goal of reducing nutrient
loss by 50% by applying the following strategies:
•

develop and promote low P fertiliser products

•

develop and promote best practice fertiliser use and management
in broadacre agriculture (grazing), horticulture and other related
commercial activities and urban land use applications

•

develop and promote best practice based on relevant, accredited
programs and advisors

•

research, develop and trial nutrient-binding soil amendment
products to improve nutrient use efficiency and reduce nutrient
loss to waterways

•

develop and promote educational material on fertiliser use
efficiency.

Recommendation
Reducing P export from agricultural land needs engagement across the
sector and the Fertiliser Partnership provides a framework to engage
government, industry, agri-food sector and the community to achieve
the balance between applying enough P for profitable agriculture and
minimising off-site impacts of excess P.
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Case study – Peel–Harvey System

treatment through increased salinity, which controlled the growth of
toxic blue-green microalgae.

Background

Condition and trend

The Peel–Harvey estuary is the largest inland water body in the southwest of WA (Brearley 2005). The catchment for the estuary includes the
Serpentine, Murray and Harvey rivers, and has an area of about 11 900
km2 (Jakowyna 2000). Two channels connect the estuary to the ocean –
the natural Mandurah Channel and the man-made Dawesville Channel.

The Dawesville Channel has been relatively successful in improving
water quality, though the major rivers in the upper catchment still show
signs of deterioration. Work is therefore still required to reduce nutrient
discharge from agriculture. The increase in tidal flushing of the estuary
with sea water has had some negative impacts on fringing vegetation
and aquatic/terrestrial biodiversity of local flora and fauna, as well as
dramatically increasing problems associated with mosquitoes.

About three-quarters of the coastal plain in this system has been
cleared of native vegetation. East of the Darling Scarp are forests
dominated by Eucalyptus marginata (Jarrah). All rivers except the
Murray are dammed. Further east, the plateau is mostly cleared for
wheat and sheep production (Jakowyna 2000). The Peel–Harvey
System is considered ecologically significant under Ramsar convention
guidelines (ramsar.org) and it is also an internationally significant water
body for migratory and resident waterbirds.

Agriculture is the dominant land use in the system. Beef cattle and
sheep grazing, and hay and pasture production, using clover and
ryegrass-based pastures, are the most common activities, along with
horticultural enterprises. Agriculture collectively contributes about
three-quarters of the annual P to the estuaries. Phosphorus export
from native vegetation, including conservation areas, which occupy
about three quarters of the system, is very low. Figure 2.9.5 shows the
spatial extent of P export risk from the system using the methodology
described by van Gool et al. (2005), broad land use categories and
nitrogen and phosphorus loads attributed to these land use categories.

Clearing for agriculture caused rises in groundwater that compounded
natural flooding. To alleviate the increased flooding of low-lying lands
on the Swan Coastal Plain actions such as the creation of a system of
drains, the removal of fringing foreshore vegetation, de-snagging and
straightening of rivers and draining of swamps was undertaken (Bradby
1997). This change in the hydrology of the system resulted in increased,
direct export of nutrients from the catchment to the estuary.

Discussion
The flat landscape of the system, with sandy surfaces on top of
impermeable layers of ironstone or clay, inherently leads to high run-off.
Clover-based pastures are predominantly grown on deep sandy soils
with shallow watertables within the western parts of the system along
the southern Harvey sub-catchment. These are at risk of exporting high
levels of nutrients into the Harvey Estuary.

Before the construction of the Dawesville Channel, the system received
limited flushing from tidal exchange, leading to increased retention
of nutrients in the estuary. Daily tidal exchange was 16% before the
channel was constructed; it has since increased to about 50%.
Land use practices in the catchment have contributed to nutrient
enrichment for many years, resulting in large accumulations of
macroalgae and toxic blue-green microalgae (Nodularia spumigena)
(Water and Rivers Commission 2004). Concern for prolonged water
quality deterioration in the estuary led to the construction of the
Dawesville Channel in 1994 along with weed harvesting and continuous
condition monitoring. The channel provided the estuary a symptomatic

The central Murray sub-catchment has shallow watertables and is
hydrodynamically linked to both estuaries. Grazing and cropping are
the major agricultural enterprises and these enterprises need to adopt
management practices to restrict diffuse sources of nutrients entering
the waterways through groundwater discharge. The western area of
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Peel-Harvey catchment
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Figure 2.9.5 Inherent P
export risk in the Peel–
Harvey System and
associated land use and
nutrient source separation.

the northern Serpentine sub-catchment is characterised by deep sandy
soils adjacent to the Peel Inlet. Land managers and planners in this
area need to adopt management practices to mitigate the high risk of
exporting P into the estuary.
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2.10 Acidification of inland
waterways

1

2

Acidification of inland waterways

3

Poor
Good
Very good

4

Geraldton

Key messages

5

Condition and trend
6

Waterways in some inland areas of the south-west of WA are
becoming acidified. This acidification is related to acidity carried by
rising groundwater and is often associated with dryland salinity.

7
9

Perth

There is evidence that acidification has been occurring for at least
30 years and is linked with increased, diffuse discharge of saline
groundwater in the salinising landscape.

13
15

Baseflow acidity in some sub-catchments can be attributed to point
discharge from agricultural groundwater drains used to mitigate
salinisation of land.

Bunbury

11

14

10
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23

Management implications

16

Engineering options for salinity management can be effective
in salinity mitigation, but can increase discharge of acid, saline
groundwater into the environment with off-site impacts.

17

21
18

24

22

Esperance

20
19

0

100

Albany

Management options are available to minimise the off-site impacts of
acid water from engineering works for salinity management.
The Policy framework for inland drainage (2012) provides a pathway
for improved practice to reduce off-site impacts of inland drainage.

Merredin

8

At least 350 km of major waterways and tributaries in the agricultural
areas of the south-west of WA show baseflow acidity (pH <4.5).

Figure 2.10.1 Resource condition summary for acidification of inland
waterways by hydrozone
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Table 2.10.1 Resource status and trend summary for acidification of inland waterways by hydrozone
Hydrozone

Summary

Condition and trend
Very
Poor
poor

7

Confidence
Very
In
In
Fair Good
good condition trend

Northern Zone of
Ancient Drainage

There are extensive areas of acid, saline groundwater in the southern portion.
Baseflow acidity has occurred periodically. There is insufficient data to
determine trends.
8 Northern Zone of
There is a small area of acid, saline groundwater. Surface waters are
Rejuvenated Drainage externally drained and neutral to alkaline. There is insufficient data to
determine trends.
10 South-eastern
There are extensive areas of acid, saline groundwater. Baseflow acidity has
Zone of Ancient
occurred but there is limited data to determine extent or trends.
Drainage
11 South-western
There are areas of acid, saline groundwater and acidification of baseflow has
Zone of Ancient
occurred. There is insufficient data to determine trends or extent.
Drainage
Other hydrozones
There is insufficient information for assessment or the issue is not present.

Recent trends

Condition grades
Very good No sample sites in hydrozone have severely acid baseflow

Improving
Deteriorating

Good

0–10% of sample sites in hydrozone have severely acid baseflow

Fair

10–20% of sample sites in hydrozone have severely acid baseflow

Stable

Poor

20–50% of sample sites in hydrozone have severely acid baseflow

Unclear

Very poor >50% of sample sites in hydrozone have severely acid baseflow
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Variable

Confidence
Adequate high-quality
evidence and high level of
consensus
Limited evidence or limited
consensus
Evidence and consensus too
low to make an assessment

Overview

There are saline, acid baseflows and seasonally-ponded water in
lakes in the cleared agricultural zone, but generally, there is much less
surface water acidity in areas with original perennial vegetation, east of
the agricultural zone (Degens et al. 2012).

Groundwaters in many parts of the south-west of WA are naturally
saline and acid and commonly have a pH between 3 and 4 (Rogers
and George 2005). They may contain high concentrations of dissolved
aluminium, iron, lead, copper, nickel and zinc. These metals have been
leached out of soil and rock by the acid waters (Degens and Shand
2010).

One way to manage salinisation is to use engineering options to
lower watertables. These options have resulted, in some instances,
in degradation of aquatic and terrestrial ecosystems downstream of
the drain because of increased discharge of acid, saline groundwater
(Seewraj 2010; Stewart et al. 2009). Treatment systems are being
developed that can remove acidity before discharge to the environment
(Degens 2009, 2012). There are other ways to manage acidification
risks from drainage, such as discharging drains into disposal basins
(Degens 2009). Therefore, engineering for salinity management can be
designed to minimise off-site impacts but it requires proper assessment
and management of risks.

The clearing of native vegetation for agriculture has resulted in a rise
in watertables bringing saline waters from the deeper subsurface
to surface environments and a significant increase in groundwater
discharge. This groundwater discharge creates a baseflow in the
downstream waterway which was not present before clearing. In many
parts of the south-west of WA, this baseflow can also be acid, given the
acidity of the groundwater discharge (Degens et al. 2012).
Baseflow is the low flow portion of streamflow and can include
groundwater discharge, shallow subsurface flow and attenuated flow
from upstream.

The combination of rising watertables leading to increase movement
of acid groundwaters to surface waters and discharge from deep open
drains has resulted in increased acidification of water bodies, such as
lakes and waterways.

Waterways may have some natural buffering effect that mitigates
the effects of acidification. However, once the buffering capacity is
exceeded, the water bodies will become acidified, adversely impacting
on their aquatic ecology.

Acidification impacts on agriculture, infrastructure and
biodiversity
Acidification also impacts on agricultural production. Where the salinity
of waters is low enough (i.e. less than 1800 mS/m) to be used to
water stock, acidity could pose additional problems. Metals, such as
aluminium, cadmium, iron and nickel, become more soluble under acid
conditions and they can cause decline in livestock health.
In saline groundwater environments, not only are chloride ions present,
but naturally-occurring sulfates can sometimes be found in the soil or
dissolved in the groundwater. At certain concentrations, these sulfates
can chemically attack concrete. The severity of the attack will depend
on the types of sulfates present, their concentration, movement of
groundwater, pressure, temperature and the presence of other ions
(Cement Concrete and Aggregates Australia 2005).

Acid surface flow in the Dalyup River, Esperance.
160

groundwater and subsoil alkalinity (Lillicrap and George 2010). Acid
groundwater hazard maps were developed from soil maps using this
correlation and other statistical techniques. The hazard categories are
low, moderate and high based on the probability of acid groundwater
occurring (Holmes and Lillicrap 2011). A detailed hazard assessment
was conducted for the nine hydrozones where acid groundwater is a
significant issue.

Impact on downstream waterways
The impact on downstream waterways was assessed using baseflow
surface water quality data (pH measurements) for the years 2003
to 2009 (Degens and Shand 2010; Degens et al. 2012; Lillicrap and
George 2010; Janicke et al. 2009; Shand and Degens 2008). Data from
within deep drains was excluded. The majority of the data was obtained
from an annual surface water snapshot sampling program that the
Department of Water ran in the Swan-Avon Basin from 2003 to 2009
(Degens et al. 2012). This sampling was largely oriented at drainage
discharge sites and therefore is biased to indicate drain discharge and
may over-emphasise groundwater acidity. There was sufficient data to
establish acid groundwater occurrence and risk to waterway condition,
but there was insufficient data to establish trends. The data was mostly
collected in the low rainfall areas so this assessment is restricted to the
hydrozones in those areas. The sampling of pH is an indicator of the
status of acidification, but is a poor indicator of whether the water is
likely to continue to acidify or become more alkaline.

Concrete culvert corroded by acid water.
Acidity can accelerate this weakening of concrete structures. Acid,
saline groundwater occurs under many rural towns of the wheatbelt,
such as Moora, Merredin, Nyabing and Lake Grace.
Acidification impacts on aquatic and terrestrial ecosystems.
The impacts on aquatic ecosystems can be grouped into three
broad categories – the direct effects of acidity, metal toxicity and
sedimentation.
Acidification results in reduced species diversity and abundance as well
as causing changes in the community composition of aquatic plants,
invertebrates and waterbirds.

Water samples from a number of sites in natural waterways were
analysed and either the median or average pH was used to allocate
the site to a severity category. Based on criteria in the Australian and
New Zealand Environment and Conservation Council’s (ANZECC) water
quality guidelines, sites with pH less than 4.6 (below 4.6 the water
contains no buffering capacity in terms of dissolved bicarbonate) were
categorised as severely acid; sites with pH greater than 4.6 and less
than 6.5 were categorised as moderately or slightly acid; and sites with
pH greater than 6.5 where labelled as neutral to alkaline.

Assessment method
Hazard maps from groundwater and soil data
Maps of acid groundwater hazard have been produced from
groundwater and soil data collected by DAFWA for the lower
rainfall areas. There is a strong statistical relationship between acid
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Current status and trends

Sample sites
Snapshot sampling of surface water in natural waterways throughout
the wheatbelt and south-east generally reflect the degree of hazard.
The sites shown in Figure 2.10.3 only include those occurring in natural
waterways and specifically exclude artificial drains.

Acid groundwater hazard
The hazard analysis indicates that acid groundwaters are widespread
throughout the northern and eastern wheatbelt (Northern, Southeastern and South-western Zones of Ancient Drainage and parts of
the Jerramungup Plain Hydrozone) and the Salmon Gums Mallee
Hydrozone, and there is a high risk of surface expression in natural
waterways and artificial deep drains in these areas (Figure 2.10.2).
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Figure 2.10.2 Hazard of acid groundwater. Areas not assessed (white)
generally have a low hazard.
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Figure 2.10.3 Spatial distribution of average pH of baseflow from snapshot
sampling.
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Inland acidification hazard and baseflow acidity
occurrence (condition)

Areas in the eastern and northern wheatbelt and Salmon Gums Mallee
Hydrozone have a high proportion of natural waterways with severely
acid baseflow. Note that the choice of sampling sites was biased to the
areas of occurrence, and therefore no statistical analysis is possible on
these samples.

The results of this assessment have been summarised for the nine
hydrozones that were assessed for acid drainage hazard.

Table 2.10.2 Hazard assessment and condition summary

Hydrozone

7

8

9

10

Northern
Zone of
Ancient
Drainage

Northern
Zone of
Rejuvenated
Drainage
Southern
Cross
Southeastern Zone
of Ancient
Drainage

Hazard assessment
Proportion
Proportion
Proportion
of sites with
of assessed
of
baseflow
hydrozone area with high
severely acid
hazard
assessed
%
%
%

79

11

28

77

27

6

44

45

Condition
Number of
sites

44

Comments

poor

This hydrozone is mostly internally drained to salt lakes, although
the rivers at the western margins may be externally drained. There
are extensive areas of acid groundwater (27%) particularly in
the valley systems. Acid groundwaters are most common in the
southern portion of the hydrozone and less frequent towards the
north. Acidification of some waterways (44% of sites are severely
acid) has occurred during the sampling period.

very good

This hydrozone is externally drained. Only a small proportion of
the hydrozone has acid groundwater (6%) and surface waters are
neutral to alkaline because of the lack of acid groundwater and the
processes in the rivers that generate alkalinity.
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0

90

Localised, site specific data,
not sufficient for assessing
condition.

31

Assessment

not assessed

The Southern Cross Hydrozone, like surrounding zones, is
internally drained and has extensive areas of acid groundwater
hazard (44%). There are no surface water data to assess the offsite impacts of acid groundwater.

poor

The majority of this hydrozone is internally drained to salt lakes.
There are extensive areas of acid groundwater hazard (45%).
Acidification of some waterways (31% of sites are severely acid)
has occurred during the sampling period. These surface water
sites are mostly salt lakes or waterways draining to salt lakes.

29

163

Table 2.10.2 Hazard assessment and condition summary (cont.)

Hydrozone

22

11

13

14

25

Jerramungup
Plain
Southwestern Zone
of Ancient
Drainage

Hazard assessment
Proportion
Proportion
Proportion of assessed
of sites with
of
baseflow
area with high
hydrozone
severely acid
hazard
assessed
%
%
59

100

Eastern
Darling
Range

Other hydrozones

11

not assessed

Western
Darling
Range
Salmon Gums
Mallee

37

not assessed

63

83
not assessed

Condition
Number of
sites

Localised, site specific data;
generally low occurrence of
severely acid baseflow.

3

Assessment

Comments

not assessed

This hydrozone has external drainage. Although acid groundwater
is present in the upper catchments (37% of area sampled), surface
waters are neutral to alkaline because of the processes in the rivers
that generate alkalinity.

good

The South-western Zone of Ancient Drainage is internally drained,
with the western margins externally drained. About 11% of the
hydrozone has an acid groundwater hazard, particularly in the
valley systems. Despite the overall good rating, there is significant
acidification of baseflow surface water in a limited area (Fence
Road drainage system) in the south of the zone (Seewraj 2010).
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not assessed

This hydrozone is at the downstream end of many inland stream
systems. Though baseflow acidification may be present in some
upper catchments, baseflow within the hydrozone is neutral to
alkaline because of low flow rates, lack of acid groundwater and
processes in the rivers that generate alkalinity.

not assessed

The Western Darling Range Hydrozone is also at the downstream
end of many inland systems. All surface waters measured
were neutral to alkaline because of low flow rates, lack of acid
groundwater and processes in the rivers that generate alkalinity.

Localised, site specific data;
data from literature shows
lakes with severely acid
water are common.

not assessed

This hydrozone has the highest proportion of acid groundwater
(83%) of all the hydrozones. It is mostly internally drained to
salt lakes except for the southern margins where rivers may be
externally drained. Some of these rivers have become acidified.

no data

not assessed

Acid, saline groundwaters are not present or have not been
identified.

0

60

0

36

164

These acid baseflows are typically spatially disconnected, largely
localised and rarely continuous for more than 10 km in waterways. High
evaporation rates, combined with very low gradient watertables limiting
rates of groundwater discharge (George et al. 2008a), play a major role
in limiting baseflows in the inland areas of the Swan–Avon Basin (Mayer
et al. 2005).

Groundwater drains
Point discharge of saline groundwater occurs where groundwater
drains are used to control rising watertables in areas that have become
saline after clearing (Degens and Shand 2010; Shand and Degens
2008). In contrast, diffuse groundwater discharge occurs as seepage
of groundwater to the floor and margins of floodways and natural
depressions including lakes and wetlands (Degens et al. 2012).
Degens et al (2012) found that stream sites less than 5 km downstream
of agricultural groundwater drains were generally acid in the Lockhart
and Mortlock rivers catchments (Northern Zone of Ancient Drainage
Hydrozone). Groundwater drains most likely intercept shallow
acid groundwater in these catchments, thereby bypassing any soil
neutralisation capacity, and concentrate the loading of acidity to the
stream environments. Many farmers may be unaware that these drains
effectively concentrate the discharge of acidity contained within shallow
groundwater to lakes and waterways.

Acid water in a deep drain, Dumbleyung.

Discussion and implications
There is a consistent pattern of widespread acidity in the baseflow
of waterways that is coupled with saline groundwater discharge to
waterways and lakes. Baseflows are a feature of rising watertables
that have resulted in secondary salinisation and increased acidity in
waterways (Degens et al. 2012). Baseflows have increased significantly
in both duration and extent across the south-west of WA since clearing.

Acidity, and the resultant dissolved metals in baseflows, carries the
risk of acute impacts on aquatic organisms. The concentrations of
dissolved aluminium and iron found in the acid waters indicate that
these contain significant potential to acidify downstream alkaline
waters or sediments (Degens et al. 2012). The extent that these waters
will acidify downstream environments, however, depends largely on
the duration and volumes of baseflows and on the management of
the increased groundwater discharge yielded by agricultural drains
or pumping. Interim assessment of the Fence Road drainage system
indicated acidified water being transported up to 30 km downstream
(Seewraj 2010).

Spatial patterns in the pH of baseflows and near-dry lakes correspond
with regional patterns of pH in saline groundwater reported in the
Swan–Avon Basin (Lillicrap and George 2010). The greater incidence
of neutral to alkaline baseflows in the Avon River is comparative to the
greater incidence of neutral to alkaline groundwater in the Yilgarn and
Lockhart rivers (Degens et al. 2012).
Acid baseflows (pH <4.6) occur across the eastern, low rainfall part of
the south-west of WA, with a concentration in the northern, eastern
wheatbelt. At least 350 km of major waterways and tributaries in the
Swan–Avon Basin have acid baseflow (pH <4.6) (Degens et al. 2012).
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Interaction of baseflow with higher flows

There are practical options to contain and treat this discharge, including
in-drain treatments (or end-of-drain treatments) such as lime-sand
basins or composting wetlands, and disposal to a constructed basin or
lake (Degens 2009).

Long-term monitoring in the central part of the Swan–Avon Basin
indicates that the influence of acidity in diffuse groundwater discharge
is confined to baseflows and is probably diluted and neutralised by
mixing with alkaline run-off in higher flows (Degens et al. 2012).

While agricultural groundwater drains are a significant factor influencing
the pattern of acidity, this pattern probably results from the drains
increasing the expression of the underlying regional pattern of
groundwater acidity in stream flows, as opposed to the drains actually
causing the acidity.

High surface flows dilute and neutralise significant volumes of acid
discharge from groundwater drains but these flows happen infrequently
compared to groundwater discharge (Degens et al. 2012). Between
floods, uncontrolled discharge of acid groundwater from agricultural
drains result in continued, concentrated accumulation of acidity in
waterways.

In some areas of the Swan–Avon Basin, both diffuse groundwater
discharge and point discharge from agricultural groundwater
drainage play a role in influencing baseflow acidity. In the Yilgarn
River catchment, there was no difference between the pH of stream
baseflows and near-dry lakes based on proximity of drainage,
suggesting that while proximity to drains in this catchment may explain
some of the pattern of acidity, there are other influencing factors, which
most likely include diffuse discharge of acid, saline groundwater. Other
investigations have found acid surface waters in secondary saline
lakes with no influence of groundwater drainage. This occurrence was
attributed to diffuse discharge of acid, saline groundwater (Degens and
Shand 2010; Shand and Degens 2008).

The uncontrolled discharge of acid groundwater from agricultural
drains can result in continued, concentrated accumulation of acidity in
waterways during higher flows (for example Fence Road drain (Seewraj
2010).

Prognosis
The length of waterways and number of lakes acidified by diffuse
groundwater discharge in the south-west of WA is expected to
increase in coming decades in line with continued discharge of saline
groundwater to these environments.

The frequent occurrence of acidity in the lower Lockhart River
baseflows over more than 30 years is evidence that a long history of
diffuse acid, saline groundwater discharge influenced the acidity of
baseflows long before groundwater drainage began.

Continued expansion of the areas affected by shallow saline
watertables is likely over the next 50–100 years (see Chapter 2.7),
irrespective of rainfall trends. This expansion is likely to result in
further increases in discharge of acid, saline groundwater to surface
environments, particularly in eastern areas where groundwater is
more commonly acid. Increased use of groundwater drains to mitigate
salinisation of agricultural land is likely to accelerate the acidification of
baseflows, particularly if discharge is not contained or neutralised.
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Recommendations
•

Continue investigating the extent and trend in baseflow acidity to
assist in managing the issue.

•

Management response to the acidity threats includes assessing
the risk of acidity prior to drainage works, mitigating point
discharge from agricultural groundwater drains and ensuring that
acid baseflows from diffuse acid, saline groundwater discharge
remain localised.

•

Continue investigating and evaluating treatment systems for
neutralising acidity in agricultural groundwater drains.

•

Use the Policy framework for inland drainage (Department of
Water 2012) as a pathway for improved practice to reduce off-site
impacts of inland drainage.
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forecasting of rainfall and soil moisture, building production and
business resilience towards long-term sustainability and improving
water use efficiency.

The global demand for food and fibre brings many opportunities, but
also challenges for the agri-food sector. One of these challenges is
our need to achieve agricultural productivity growth while ensuring our
natural resources are healthy and resilient.

Relevant resource information is important
Understanding the current state and trend in natural resource condition
is important for optimising production as well as the long-term
productivity of both soil and water.

Key principles to be considered in this challenge are:

Stewardship of natural resources is critical

Knowledge and information systems are the basis for sound
adaptive management. That is, we need to understand the state and
trends in our natural resources, the impacts of the pressures on our
environment and the impacts of our management strategies, so that
we can progressively adapt and improve those strategies. Long-term
collections of data in many aspects of our natural resources is currently
limited, which severely constrains our ability to develop and enact
evidence-based responses – from policy to on-ground action.

Sustainability rests on the principle that we must meet the needs of the
present without compromising the ability of future generations to meet
their own needs. Sustainable natural resource use for agriculture means
maintaining (and where possible improving) the productive capability of
the land which underpins agriculture, while mitigating off-site impact.
Therefore, stewardship of natural resources – the maintenance or
enhancement of this vital resource base for the long term – is of prime
importance. Those who directly manage the land need to be provided
with the information, resources and support to carry out this critical role.

DAFWA is developing a revised natural resource use monitoring
program to improve its ability to report on condition and trend.

Understanding of process essential

Changing Climate – variability and trends

Many soil and water processes are linked, and efficient solutions to
problems must consider the system as a whole, rather than the issue
in isolation. An understanding of how the system operates, and how
the three primary factors – climate, land characteristics and land
management – interact is required when changes to land management
are considered to address individual issues.

Ensuring sustainable natural resource use with extreme events, such
as long-term below average rainfall, short-term extreme events such as
flooding or drought is difficult.
Climate-smart agriculture is now being used to bring together actions
that achieve a more resilient and climate aware agri-food sector to meet
both trends in climate and extreme events.

When changes to land management are considered to address
particular issues, they need to be within the context and understanding
of climate and land characteristics otherwise unexpected and
unwanted consequences may result.

As part of climate-smart agriculture, recent initiatives of the Department
of Agriculture and Food (DAFWA) have included installing a major
climate station network across the South-west Land Division, seasonal
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Economics driving sustainability
To ensure the sustainable use of our natural resources for agriculture
requires a viable rural economy. It is difficult to look at the long-term
viability of soil and water resources if it is hard to maintain a viable farm
business.

Sustainability Indicators
Sustainability indicators could focus on natural resource condition
and off-site environmental impacts, or could incorporate long-term
farm income, managerial skills, and social and economic aspects of
agriculture.
The benefit of sustainability indicators is that they can provide clear
benchmarks for land managers, catchment group and communities,
and policy and decision makers regarding the health of the natural
resources, and possible economic and social resources.

Innovation to support sustainable agriculture
Innovation has been, and will be, a key contributor to solving the
problems faced by the agri-food sector. For example, we already know
the great benefits realised by precision irrigation, minimum tillage, and
improved seed varieties. The challenge is to ensure that innovation
keeps flowing. That means getting the conditions right so that both
private and public research and development can provide the solutions
needed to achieve sustainable use of our natural resources.

Our natural resources are essential and
require action at all levels
Achieving sustainable agriculture is the responsibility of all participants
in the system, including land managers, farm businesses, policymakers,
researchers, retailers, and consumers. Each group has its own part
to play and its own unique contribution to make to strengthen the
sustainability of our agriculture.
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Table 3.1 Summary of the key messages
Theme
Soil acidity

Livestock industry
Soil acidity is a major constraint to
pasture production, and needs more
investigation by this industry.

Grains industry
Soil acidity is a major constraint and
there is significant opportunity to
increase lime use to bring pH within
target levels.

Irrigated agriculture industry
Managing soil acidity is usually a minor input cost and the issue
is generally well managed.

Wind erosion

The critical issue for the livestock and grains industries is maintaining
sufficient, stable soil cover throughout the year. This may be difficult in a
variable and generally drying climate.

Wind erosion is generally not an issue and cover levels are
generally maintained at satisfactory levels. Sandblasting of
seedlings can be an issue on the Swan Coastal Plain.

Water erosion

Water erosion hazard, during the growing season, has diminished due to
declining winter rains and more sustainable management practices. Water
erosion events are mainly caused by intense, localised summer storms, and
these are likely to increase with changing climate. Maintaining sufficient soil
cover to prevent water erosion is not always possible in grazing systems.

Water erosion may be an issue where soil management practices
fail to keep run-off volumes and velocity at safe levels.

Soil organic
carbon

A warming and generally drying climate associated with lower organic matter
inputs could limit future sequestration of organic carbon in soils used for
livestock and grains production. Farming systems that increase biomass
production and minimise processes such as wind and water erosion are
required to maintain and improve soil carbon levels.

Management that increases biomass production and conserves
and applies organic material should improve soil organic carbon
levels and productivity.

Soil compaction

Soil compaction is likely to be a major, but unquantified, constraint for all the agricultural industries. Land management that limits, prevents or
treats soil compaction is likely to improve productivity. Further work is required to quantify the extent and severity of this constraint.

Water
repellence

The average annual opportunity cost of lost agricultural production in the south-west of WA from water repellence is estimated at $251 million.
Water repellence also increases the risk of wind and water erosion, off-site nutrient transport and possibly soil acidification through increased
nitrate leaching. The extent and severity of water repellence appears to be increasing as cropping increases together with early sowing, minimum
tillage and reduced break of season rainfall. More baseline data is needed to carry out a quantitative assessment.

Dryland salinity

Dryland salinity has expanded in most regions since 1998, especially following
episodic floods, such as occurred in 1999/2000, 2005 and 2006/07. In some
areas, salinity continues to expand despite lower than average rainfall since
1975 and particularly since 2000. No evidence of a reduction in the area of
salt-affected land has been observed. Dryland salinity is a major cause of
land degradation and remains a threat to 2.8–4.5 million hectares of highly
productive, low-lying or valley soils.
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Dryland salinity, by definition, is not an issue of irrigated
agriculture. However, irrigated agriculture may cause rising
saline watertables leading to salinity. This needs to be an
important consideration in any irrigated enterprise.

Table 3.1 Summary of the key messages (cont.)
Theme
Nutrient status
(P)

Livestock industry

Grains industry

Irrigated agriculture industry

On average, pasture soils and arable soils contained 1.3 times and 1.6 times respectively as much phosphorus (P) as is required for optimum
production. Regular monitoring of soil nutrients at a paddock scale will provide the information to optimise fertiliser application and profitable
yields, and minimise off-site impacts.

Nutrient export
(P)

Agricultural industries are major contributors to off-site nutrient impacts in a number of coastal catchments. Similar off-site impacts are likely to
be significant in other areas also. Managing fertiliser use should be aimed at reducing off-site impact, and based on regular monitoring.

Acidification
of inland
waterways

Surface waters in some inland areas of the south-west of WA are becoming
acidified. Off-site impacts may affect the livestock and grains industries. The
Policy framework for inland drainage (2012) provides a pathway for improved
practice to reduce off-site impacts of inland drainage.
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Not an issue for this industry; however, groundwater abstraction
for irrigation and water supply can lead to acidity through acid
sulfate soils being dewatered.

Appendix A

Region
KimberleyArnhemCape York

Methods and standards
While each chapter describes particular methods used
in the assessment, some common approaches have
been adopted. These are principally concerned with the
spatial objects used for analysis and reporting and some
terminology used in expressing condition and trend.

Sandy
Desert
Western
Region
2

Spatial framework
The observations of soil and land condition come from
many sources. Most are point (site) observations, but
others come from inferences from mapping or remotely
sensed images.
A variety of options are available to present these data
as map products but it is important to choose the
presentation method that gives a consistent impression,
particularly for small-scale maps (e.g. south-west of
WA). Thus, as far as possible, a consistent style of both
analysis and presentation has been developed.

Overview of soil-landscape mapping for WA
Soil-landscape mapping recognises both soil and land
attributes. A mapping hierarchy has been developed that
recognises map units at different scales, which allows for
a range of descriptions, inferences, interpretations and
presentations at a scale appropriate to the subject and
audience (Figure A1.1). Importantly, different resolutions
require different degrees of simplification.

Central
Southern
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Figure A1.1 Soil-landscape mapping hierarchy. (Source: Schoknecht et al. 2004)
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Even at the finest scale of mapping, the map units (subsystems or
phases) are heterogeneous and so there is uncertainty about what soil
type can be inferred for particular points or areas within these map
units. However, the probability of a particular soil and land type can be
inferred from the proportion of unmapped (soil and land) components.

Implicit in both of these schemes are two important points:
•

The range of soil or land types they contain is similar.

•

The properties of comparable soil or land types in different tracts
might differ.

Ag Soil Zones are used for the themes of soil acidity, wind erosion, water
erosion, soil organic carbon, soil compaction, water repellence and
nutrient status (phosphorus). Hydrozones are used for dryland salinity
and acidification of inland waterways. The nutrient export (phosphorus)
theme only reports on selected coastal catchments.

Spatial analysis
Knowing the soil and landform at every point for which there is an
observation is the ideal starting point for the current analyses. These
will allow interpretations of condition, which is often strongly influenced
by soil and landscape position. Unfortunately, soil type was not
recorded at the point where most of the observations were made. Thus,
the finest resolution of mapping available for analysis of the condition of
many of the natural resource themes is the finest-scale soil-landscape
map unit. These map units, in the context of the soil-landscape
hierarchy, have been used to interpret geographic patterns.

Spatial reporting units
Through the soil-landscape mapping hierarchy, the data associated
with the many map units can be interpreted for a few small-scale units.
Two separate schemes have been used – Agricultural Soil Zones,
abbreviated to Ag Soil Zones, (Figure A1.2, Table A1.1) and hydrozones
(Figure A1.3, Table A1.2). Ag Soil Zones contain areas with similar
soils; hydrozones contain areas with similar hydrogeology. Both of
these schemes are aggregations of the soil-landscape zones (see
Figure A1.1).
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Ag Soil Zones
1 Mid West
2 Mullewa to Morawa
3 West Midlands
4 Central Northern Wheatbelt
5 Swan to Scott Coastal Plains
6 Darling Range to South Coast
7 Zone of Rejuvenated drainage
8 Southern Wheatbelt
9 Stirlings to Ravensthorpe
10 South Coast – Albany to Esperance
11 Salmon Gums Mallee

1
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Figure A1.2 Ag Soil Zones
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Table A1.1 Description of Ag Soil Zones
Ag Soil Zone

Description

1

Mid west

Sandy, gravelly and less commonly loamy and clayey soils on gently undulating sandplains, occasional dunes and sand-filled valleys on
northern Perth Basin sediments and Northampton granulites north and east of Geraldton.

2

Mullewa to Morawa Red sandy, loamy and gravelly soils on undulating plains and low ranges with broad valleys on Yilgarn granites. Minor saline soils in
valleys.

3

West Midlands

Sandy and gravelly soils on undulating sandplains, occasional dunes with sand-filled valleys on Perth Basin sediments between Gingin and
Geraldton.

4

Central Northern
Wheatbelt

Sandy and loamy soils on gently undulating plains and rises, sandplains, rocky rises and broad valleys on Yilgarn granites. Saline soils
common in valleys.

5

Swan to Scott
Coastal Plains

Sandy duplex, sandy and wet soils on undulating to flat plains, dunes and lake deposits on Perth Basin sediments. Includes gravelly soils
on undulating rises of the Donnybrook Sunklands and Naturaliste–Leeuwin ridge.

6

Darling Range to
South Coast

Gravelly soils on dissected lateritic plateau on Yilgarn granites from Toodyay to the south coast. Sandy and duplex soils and rock outcrop
also occur.

7

Zone of
Rejuvenated
Drainage

Sandy, loamy and gravelly soils on undulating rises to low hills with narrow valleys on Yilgarn granites and metamorphic rocks in the
western wheatbelt from east of Moora to Kojonup. Some clayey and saline soils in valleys.

8

Southern
Wheatbelt

Sandy duplex, gravelly and sandy soils on gently undulating plains, rocky rises and broad valleys on Yilgarn granites. Minor rock outcrop
and saline soils in valleys.

9

Stirlings to
Ravensthorpe

Sandy duplex, gravelly, loamy and rocky soils on rolling hills and dissected plains with narrow valleys and occasional mountains on granite,
metasediments and sediments from the Stirling Ranges to Ravensthorpe.

10

South Coast
– Albany to
Esperance

Sandy duplex, gravelly and sandy soils on gently undulating sandplains with occasional dunes, sand-filled valleys and lakes on Eocene
sediments along the south coast between Albany and Esperance.

11

Salmon Gums
Mallee

Alkaline earths and alkaline duplex soils on undulating to flat plains and dunes on Proterozoic granites and Eocene sediments around
Salmon Gums, north of Esperance. Salt lakes common.
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1

2

Hydrozones
1 Kalbarri Sandplain
2 Northampton Block
3 East Binnu Sandplain
4 Irwin Terrace
5 Arrowsmith
6 Dandaragan Plateau
7 Northern Zone of Ancient Drainage
8 Northern Zone of Rejuvenated
Drainage
9 Southern Cross
10 South-eastern Zone of Ancient
Drainage
11 South-western Zone of Ancient
Drainage
12 Southern Zone of Rejuvenated
Drainage
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Figure A1.3 Hydrozones
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13 Eastern Darling Range
14 Western Darling Range
15 Coastal Plain
16 Donnybrook-Leeuwin
17 Scott Coastal
18 Warren-Denmark
19 Albany Sandplain
20 Stirling Range
21 Pallinup
22 Jerramungup Plain
23 Ravensthorpe
24 Esperance Sandplain
25 Salmon Gums Mallee

Table A1.2 Description of hydrozones
Hydrozone

Description

1

Kalbarri Sandplain

Gently undulating sandplains and occasional dunes with sand-filled valleys on sediments. An intermediate to regional groundwater
flow system discharges to the Indian Ocean. It may produce large quantities of predominantly fresh water.

2

Northampton Block

Undulating sandplain strongly dissected in parts on Proterozoic crystalline gneissic basement and sediments. Groundwater occurs
in a palaeochannel associated with the Chapman River and in weathered rock aquifers. Groundwater and surface water discharge via
the Chapman River.

3

East Binnu Sandplain

Gently undulating, internally drained, sandplain on sandstone and granulite. The Tumblagooda Sandstone hosts an intermediate to
regional groundwater system with predominantly brackish to saline groundwater; flow is northward, probably discharging to the
Murchison River.

4

Irwin Terrace

Gently undulating sandplain with areas of strong dissection on Permian sediments and granulite. Groundwater quality in the Permian
sediments is brackish to hypersaline because there is little lateral flow due to their plasticine characteristics. However, there are
minor sand aquifers and sandstone layers at depth.

5

Arrowsmith

Undulating sandplain and dunes with sand-filled valleys on Perth Basin sediments. The Yarragadee Formation forms a mostly
unconfined regional aquifer hosting high quality groundwater; discharge is to the Indian Ocean.

6

Dandaragan Plateau

Gently undulating sandplain and dunes with sand-filled valleys on Perth Basin sediments. The Parmelia Formation is an unconfined
aquifer hosting a high quality regional groundwater system; flow is generally westward, discharging as seeps and springs.

7

Northern Zone of
Ancient Drainage

Undulating plains and low ranges with broad valleys on Yilgarn granites. Groundwater occurs in weathered rock aquifers under
valleys and hillslopes and in deep palaeochannels within salt lake systems.

8

Northern Zone of
Rejuvenated Drainage

Undulating rises to low hills with narrow valleys on Yilgarn granites and metamorphics. Saprolite aquifers occur under valleys and
hillslopes; perched aquifers of good stock water quality are common.

9

Southern Cross

Undulating plains and low ranges with broad valleys on Archaean greenstones and deeply weathered mafics. Minor unconfined
groundwater in valleys, often hypersaline; extensive primary salinity.

10

South-eastern Zone of
Ancient Drainage

Gently undulating plain with broad valleys on Yilgarn granites. Groundwater occurs in extensive palaeochannels in the broad flat
valley floors; saprolite aquifers are present under minor valleys and hillslopes.

11

South-western Zone of
Ancient Drainage

Gently undulating plain with broad valleys on Yilgarn granites. Groundwater occurs in weathered rock aquifers under valleys and
hillslopes and in deep palaeochannels present in many of the larger valleys.

12

Southern Zone of
Rejuvenated Drainage

Undulating rises to low hills with narrow valleys on Yilgarn granites. A high degree of landscape incision has lead to
compartmentalisation of the landscape and of groundwater systems.

13

Eastern Darling Range

Moderately to strongly dissected lateritic plateau with narrow valleys on Yilgarn granites. Groundwater occurs in palaeochannels in
some major valleys and in weathered rock aquifers under most valleys and hillslopes.

14

Western Darling Range

Moderately (often deeply) dissected lateritic plateau and monadnocks with narrow and broad valleys on Yilgarn granites. The vast
majority of the zone is forested. A high degree of landscape incision and complex geology has led to compartmentalisation of the
landscape and of groundwater systems.
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Table A1.2 Description of hydrozones (cont.)
Hydrozone

Description

15

Coastal Plain

Undulating to flat plains from dunes and lake deposits on southern Perth Basin sediments. Groundwater flow in unconsolidated
sediments and limestone is generally east to west to the Indian Ocean.

16

Donnybrook–Leeuwin

Undulating plateau with minor swamps, moderately (in places, strongly) dissected by narrow valleys. Regional groundwater in
sedimentary aquifers, some shallow; highly localised aquifers in the western granitic areas.

17

Scott Coastal Plain

Undulating to flat plains from dunes and lake deposits on southern Perth Basin sediments. Regional groundwater, often at shallow
depths.

18

Warren–Denmark

Moderately (often deeply) dissected lateritic plateau with narrow and broad valleys and coastal plain on Yilgarn granites.
Groundwater systems are mainly local and can be compartmentalised by dolerite dykes. Minor surficial aquifers also occur.

19

Albany Sandplain

Level to gently undulating plain including lakes, dissected by narrow valleys on Eocene sediments. The western section of the zone
has local and intermediate groundwater systems discharging to surface drainage; the eastern section contains intermediate to
regional groundwater flow systems with very little lateral flow.

20

Stirling Range

Mountains and low hills on metasediments with internally drained plains. Regolith depth can be over 100 m and aquifers tend to be
stagnant.

21

Pallinup

Undulating rises with narrow valleys on Archaean granites. Aquifers are local to intermediate, shallow basement, and complex
geology can affect groundwater movement.

22

Jerramungup Plain

Level to gently undulating plain, dissected by narrow valleys on Eocene sediments over Proterozoic granites and metasediments.
Groundwater flow systems are local to intermediate.

23

Ravensthorpe

Rolling low hills dissected by narrow valleys on greenstones. Local groundwater flow systems compartmentalised by dykes and
numerous faults and fractures.

24

Esperance Sandplain

Level to gently undulating plain on Eocene sediments and coastal plain; dissected by narrow valleys to the west and internally
drained to the east. Groundwater flow systems are local to intermediate where there is defined surface drainage, and intermediate to
regional where there is not.

25

Salmon Gums Mallee

Undulating to flat plains from lake deposits and dunes on Proterozoic granites and Eocene sediments, with numerous salt lakes.
Groundwater occurs in palaeochannels associated with playas on deep regolith and in isolated pockets in areas of shallow basement.

180

Soils (abbreviated to Ag Soils) providing interpretations of concepts
such as Ag Soils within each Ag Soil Zones. The Ag Soils occurring in
the south-west of WA are described in more detail in Chapter 1.

Aggregation
Point and raster surfaces are treated differently in the spatial analyses.
Points can be unambiguously assigned to a map unit. However,
individual cells (areas) of raster surfaces may overlap more than
one map unit. Hence, the primary aggregation for raster data is the
proportion of a map unit in a raster value class.

Presentations
The interpretations are presented in both maps and tables. In part, the
maps are self-explanatory for they display geography. Thematic maps
are produced at both the finest-scale soil-landscape map unit and
based on Ag Soil Zones (or Hydrozones).

In addition to these differences, the data type (numerical or categorical)
being interpreted influences what can be done with these data. Table
A1.3 outlines the aggregations available from these different sources.
The ‘Proportion in class’ can be further aggregated to, for example,
the percentage less than a critical value, which has been used in
Chapter 2.1.

The tabular presentations (e.g. condition interpretations based on Ag
Soil Zones) are largely for communicating in a general way. You should
not infer from these numbers that:

Table A1.3 Aggregations available for intersecting data and map units
Source
Map unit
Aggregation

Points

Raster

Numerical
attributes

Categorical
attributes

Numerical
attributes

Categorical
attributes

Average

Y

N

Y

N

Proportion in class

Y

Y

Y

Y

•

all the land in a tract is of the same condition

•

there is any significance in the apparent differences between
tracts.

The difference in the number of observations within and between tracts
greatly influences these results. The maps tend to show the variation to
some degree.
Because of a limitation in the display characteristics of small-scale
maps in the spatial software used, the ‘worst’ or ‘highest’ class has
been placed at the top of most legends, which tends to visually overrepresent these classes.

Expression of the aggregation may be critical to the inferences made
about condition or trend. While the lines of evidence include numerical
and categorical data, all could be considered ‘low to high’ but not
necessarily ‘good to bad’. An initial form of aggregation was usually
constructed from the proportion of area or observations in a scale
‘low to high’, divided into a number of classes. Means and standard
deviations were calculated but not commonly used since such statistics
often disguise important aspects of the data. Thus, proportions greater
or less than a critical figure (e.g. pH) were more commonly computed
and are the basis for many presentations.
The soil-landscape hierarchy aggregations of Ag Soil Zones and
hydrozones were used for analysing and reporting of most themes.
In some cases, the analysis was done in conjunction with Agricultural
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Terminology and standards

References

As far as the data and methodology allows, a common language and
display style has been adopted for most themes.

AS/NZS (2009). Risk management – principles and guidelines. AS/NZS
ISO 31000:2009. Standards Australia/Standards New Zealand.

Terminology

Schoknecht, NS, Tille, P and Purdie, B (2004). Soil-landscape mapping
in south-western Australia: Overview of methodology and outputs,
Resource management technical report 280. Department of
Agriculture, Western Australia.

Current condition and trend are provided for each theme, where:
Condition is the current status of the natural resource and is reported
as a risk, hazard or occurrence.
•

Risk is the effect of uncertainty on objectives (AS/NZS 2009).
In this report it is expressed in terms of a combination of the
consequences of an event and the likelihood of occurrence.

•

Hazard is the likelihood of something happening, and is based
on an assessment of the inherent attributes of the environment
(land, water and climate). Hazard can be managed to ensure that
occurrence and risk are minimised.

•

Occurrence is a statement of what is actually happening based
on the best available evidence. It may be expressed in terms
of severity (e.g. percentage of land below a target value, such
as topsoil below pHCa of 5.0) or abundance (e.g. values of an
attribute, such as soil carbon stocks in t C/ha).

•

Trend is the (likely) future condition compared to current
condition. Trend is expressed in terms such as deteriorating,
improving, stable, variable and unclear.

Standards
A standard set of colour visible swatches is used to graphically
represent condition and trend (Figure A1.4).
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Soil acidity and wind erosion tables

Figure A1.4 Standard colours used for reporting condition and trend.
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